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Testimonials
DriBank Labs

“Great product, 
works really well.
Dr. James Collins
Professor, University of Minnesota
Former Director Veterinary Diagnostic 
Laboratory

“A practical and cost-effective 
shipping solution for biological 
samples; no dry ice required.
Dr. Kim Luke
Laboratory Director, Intuitive Bioscience

“Surprised! …replicate [RNA] samples dried and 
stored at room temperature in the Dri•Bank® container 
were identical to frozen controls after two months. 
Dr. Daniel Purcell
Molecular Biologist, University of New Mexico

“So far, we have been very pleased with the Dri•Bank® system…We plan to use 
Dri•Bank® for future nucleic acid projects to avoid the hassle of dry ice and potential 
spillage of samples during shipment.
Dr. Stefan Green
Director DNA Services, University of Illinois - Chicago
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“Accurate and meaningful next-gen 
sequencing data begin with optimal 
sample collection and preservation.
Dr. Aaron Ericsson
Director, University of Missouri Metagenomics Center

“…for biomarkers [we] tested works 
better than -80˚C…I like a lot of aspects of 
this unit
Dr. Lynne Bemis
Department Chair, Biomedical Sciences, University of Minnesota Medical School 
– Duluth Campus
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Highlights

2012

Dri•Bank rev. 1 prototypes 
built

Customer/evaluators readily 
found

Independent validation testing 
begins

LLC registered as certified 
Start-up for Minnesota Angel 
Tax Credit

Red Herring North America Top 
100 Finalist

2013

Dri•Bank concept introduced 
at key conferences

Investigation of RNA stability 
and biopsy specimen begin

2014

First production run of 
Dri•Bank rev.1

U.S. Trademark granted

Testimonials start being 
received

2015

U.S.  Patent granted

U.S. Trademark granted

Exhibitor at key tradeshows

Dri•Bank sales begin

Design of Dri•Bank rev. 2 
completed

Presented data at conference

RNA/biopsy article published

2016

Nine active case studies

Sponsor for GGBN

Sponsor for Freezer Challenge

Invited business representative 
for V.P. Biden’s Cancer MoonShot

Presented data at conferences

USDA grants University of 
Minnesota VDL approval to 
import samples using Dri•Bank
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Feature in the journal Science 
New Product Section

Demonstrate ability to maintain 
complex microbiome samples

Publication in Journal of 
Microbiological Methods

Approved vendor for world’s 
largest cell supplier, ATCC

Vendor at Life Science 
Conferences in Upper Midwest

Dri•Bank-m released; can store 
single, skirted 96-well microtiter 
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for 12 months
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written
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VWR International becomes 
Dri•Bank distributor

Bristol-Myers Squibb converts 
100’s of samples to Dri•Bank
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Montana State University uses 
Dri•Bank for microbiome project

Speaker at ISBER conference, 
Animal Microbiome Congress, and 
University of Illinois Chicago

ATCC purchases additional units 
for in-house testing

Exhibitor at AAVLD annual 
conference

Manuscript of multi-center study 
submitted for publication

Guest speaker at University of 
Minnesota Veterinary Diagnostic 
Laboratory

2019
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Continues…



DriBank Labs

Laboratory  innovations for a more sustainable tomorrow

v

Did you know that one typical
ultra-low temperature freezer
(ULTF), i.e. -80˚C laboratory
freezer, consumes 18,000 kWh
of electricity and produces
35,000 pounds of CO2 gas per
year? 1,2,3

This means for a typical R1
research university as classified
by the Carnegie Institute for
Higher Education, like the
University of Wisconsin-Madison,
can house approximately 1,000
ULTF on site, which can yield
around 35 million pounds of
greenhouse gas per year!

Fact ✓

Bedrock Glades Scientific Natural Area

Osceola, WI
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Background
Laboratories across the world procure, preserve and process a variety of biological specimens daily. These
samples come in a variety of different formats: From thin sections of tissue affixed onto microscope slides to a pellet of cells
in microcentrifuge tubes to punch biopsies to purified macromolecules in an aqueous solution. Common to all of these is the
issue of how to preserve and store them best. Once collected, they need to be maintained in a manner that effectively
preserves them from days to months later, or longer.

Once a biological sample is removed, either from the organism or the media it was grown in the process of decomposition
begins. Specifically, as nutrients are exhausted normal cellular activity stops and powerful digestive enzymes once securely
housed within intracellular compartments are released dissolving the cell. This is known as autolysis, or cellular degradation
or decomposition.

Autolysis, however, is abated by preservation. This process reduces or eliminates decomposition by holding, or “fixing” the
intracellular components and most biological macromolecules (bio-macromolecules) in place. For over 100 years there have
been two predominant choices for maintaining biological specimens:

1.) preserved chemically and embedded in paraffin at room temperature; or,

2.) snap-frozen and kept refrigerated.

Both methods have their unique advantages and disadvantages, which are discussed later. For now, these approaches have
allowed scientists to store biological samples to be used for a variety of analytical assays at a later point in time.

Once fixed and stored, these samples have acquired a tremendous cost, which its loss could be substantial. For example, a
conventional upright -80˚C ultra-low temperature freezer (ULTF) can house over $200K of lab specimens—not including the
cost of the freezer, utility or preventative maintenance fees; this only factors in the cost of the containers, samples and
work-hours. Unfortunately, one has to look no further than the news from Harvard University4 to illustrate the point of a
freezer malfunction. Over 20 years of precious brain specimens were lost when both the freezer and its temperature alarm
failed.

At DriBank Labs, we developed the Dri•Bank® system based on research published in peer-reviewed scientific journals.5,6,7

Our U.S. patented product (#9,044,007 and other patents pending) can effectively preserve, store, and ship an assortment
of biological specimens at room (ambient) temperature almost anywhere without the need for electric power, toxic
chemicals or refrigerants. In fact, our innovation was highlighted in Science Magazine’s new product section.8



2
DriBank Labs

Problem
Laboratories performing work on biological samples, whether academic institutions, biotechnology companies,
diagnostic businesses, government facilities, hospitals, medical device or pharmaceutical corporations have placed huge
demands on acquiring and sustaining high-quality biological samples while keeping or reducing their overhead costs. These
organizations have recognized for years the hassle of shipping samples on dry ice, purchasing and maintaining expensive
refrigeration systems or dealing with the complication of chemical preservatives. To date, there are only a handful of
products available to store biological samples at room temperature for extended periods without the need for toxic
chemicals, electricity or refrigeration. These are primarily stabilizing solutions, modified filter paper, or thermostable
coatings, all which have known limitations (see Table 1).

The Dri•Bank however is the only one that can preserve and securely store diverse biological samples at room temperature
almost anywhere. No need for any coatings, chemicals or refrigeration. Specimens have included unfixed tissue sections on
microscope slides, blood serum, fecal samples (microbiome), biopsy specimens, or purified nucleic acid aliquots, which have
all been stored from weeks to months with no observable differences when compared to fresh-frozen counterparts.5,6,7

Method Temperature 
Range

Limitations

Laboratory 
Refrigerator*

-80˚C  to  4˚C

1. specimens not cryopreserved (-130˚C) 
2. biochemical reactions may continue, including decomposition 
3. high purchase, maintenance, and utility costs as well contributes to CO2 emissions
4. depending on sample, thawing times vary between 15 to 45 minutes on wet ice

Stabilizing 
Solution

-80˚C to 25˚C

1. permeates all cells and tissues 
2. must be completely and thorough removed prior to downstream assays 
3. commercially sold is expensive, do-it-yourself takes time to prepare
4. specimens are suitable at 25˚C for 1 week, 4˚C for 1 month, and -80˚C “long-term” (i.e., 
undetermined/unknown) 

Filter Paper -80˚C to 25˚C

1. drying time varies between 12 – 24 hours for liquid samples (50 – 100 µL)
2. prone to cross or surface contamination during collection or processing 
3. eluting samples off of card matrix can take up to several hours
4. final quantity biomarker eluted off the card can be low and sample quality varies 

Thermostable 
Coating

25˚C

1. requires expensive vacuum centrifugation or lyophilization equipment
2. without equipment, coating can require days at room temperature to completely dry 
3. room temperature drying process results in incomplete drying and preservation 
4. coating must be completely removed prior to analytical work-up

TABLE 1. List of common non-destructive (e.g., formalin-free) preservation and storage methods, temperature range, and known
limitations from publications. Laboratory refrigerator aside, all innovations are single-use only. * - refers to either fresh-frozen ex vivo
specimens or aliquots in ultra-pure water. Filter paper refers to chemically-modified varieties used to preserve nucleic acid as well as
other biomarkers such as dried blood spot cards

“…storing RNA at room 
temperature seems ridiculous. 
However, after comparing the 
RNA samples on the 
bioanalyzer [Agilent 2100] 
after two months [dried and 
stored in the Dri•Bank®

container] I was surprised to 
not see a reduction [in signal, 
i.e. no sample loss]…
-Dr. Purcell. Cancer Research Center, 
University of New Mexico
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Problem
CHEMICAL FIXATION

For ease and convenience, biological lab samples are frequently placed in buffered formaldehyde (formalin), which acts as a
biological glue keeping cellular structures and macromolecules in place (i.e., fixing). This canonical method has been used
for well over a century. However, formalin has several well-documented drawbacks, which include extremely slow fixation
rate, destructive to critical bio-macromolecules, contributes to shrinkage of preserved tissue, and a toxic cancer-causing
agent.10 Owing to its chemistry, when added to a buffered solution, formaldehyde is rapidly converted to methylene glycol in abundance
(>99.9%). When specimens are submersed into formalin, it can take hours to days for most conventional laboratory samples
to be preserved (Figure 1). Although formaldehyde is a small, polar molecule that can readily infiltrate most cells, this
delayed fixation rate is known as the Penetration-Fixation Paradox.10 While next-generation methods such as cross-linked
chromatin immunoprecipitation (X-ChIP) assays have exploited the fragmentation and binding properties of formaldehyde
to generate data relating to DNA-protein interactions, this has lead to false-positive signals at highly expressed loci,
promoting the development and use of formaldehyde-free ChIP (or native ChIP).11, 12, 13 Moreover, due to the chemical
nature of these fixatives, they can only be removed by prolonged immersion into boiling caustic solutions (or Heat-Induced
Epitope Retrieval, or HIER). Typically, this requires a sample-specific trial-and-error approach to optimize the conditions for
the removal of the cross-linkages. Finally, formalin and other similar preservatives are cancerous, toxic compounds that
require special handling and disposal procedures. All of these points add significant time and cost to the analytical process,
especially for those in remote, resource-limited areas.

FREEZING

Snap-frozen techniques on the other hand, provide the impression that samples are instantaneously preserved, which
greatly reduces the likelihood of degraded cells or macromolecules. These samples are considered the “gold standard” as
they have not been adulterated by fixatives and are readily compatible with modern assays. Though it should be noted here
that according to the U.S. National Institute of Standards and Technology (NIST) cryopreservation does not occur until
samples are at, or below the glassine state of water, or -130˚C.14 Unless initially placed in liquid nitrogen, most other snap-
frozen methods occur at or around -80˚C, which still permits biochemical reactions, including degradation to occur, albeit at
a slower rate.

Once frozen, the sample(s) must remain frozen, or cryopreserved until they are needed for analysis. Traditionally this
requires several replicates to avoid potential damage from the freeze-thaw cycle. Not surprisingly, given the number of
samples a laboratory may need to process requires several costly ULTF systems with a dedicated utility, back-up power
supply, temperature and system failure alarms. This is particularly true for academic institutions and commercial biobanks
that utilize dozens to hundreds of freezers. Again, this, too, adds significantly to the analytical process.

FIGURE 1. Comparison of chemical fixation times
against dehydration for preserving a typical 5mm3

biopsy specimen. Note the differences in
molecular weight affects rate, i.e., water equals
18g•mol-1, formaldehyde 30g•mol-1 and
glutaraldehyde 100g•mol-1.
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Cold Facts About Cold-Chain Shipping1,16,17

Fees for one shipment can run into the thousands of dollars due to:
1.) Time-sensitive nature (refrigerant loss over time) 
2.) Final destination (domestic or international)
3.) Amount (weight) of refrigerant required & container size to 

accommodate up to 24-hour delay in transport 
4.) Delays, including time spent in customs, if required
5.) Refrigerant restrictions based on destination country
6.) Hazardous Materials: dry ice and liquid nitrogen are known

asphyxiants necessitating special handling and higher fees

“A practical and 
cost-effective 
shipping solution 
for biological 
samples; no dry ice 
required.
Dr. Kim Luke
Laboratory Director, Intuitive 
Bioscience



Remedy
A re-useable system where one can easily preserve, store, and ship numerous, 

and diverse specimen types at room temperature

DriBank Labs

No cold-chain No toxic chemicals

$
No high-costs

5
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The Dri•Bank Innovation
Water is key to many of biological reactions, including autolysis. Hence its partial removal from a specimen during
traditional preservation process, either chemically or cryogenically is critical. Whether a protease is breaking down proteins
or a nuclease is dissolving nucleic acid polymers, water is incorporated into the enzymatic activity of these degradative
molecules. Yet, recent publications have demonstrated that storage of biological samples under ultra-low, dry-air
environment generated by powerful desiccants effectively removes moisture from the samples of interest and reduces
and/or eliminates any decomposition.5,6,7 The ability to rapidly eliminate as much water (intracellular or solvent) from a
sample has the clear advantage of allowing the storage of biological samples for analysis in challenging conditions such as
those presented in resource-limited locations. Due to the Dri•Bank container’s unique design and functionality it is
compatible with traditional cold-chain storage and/or shipping practices. Specifically with the added bonus of reducing
carbonic acid formation with the Atacama-C™ cartridge if dry ice is employed or preventing condensation during warming
up with the Atacama™ cartridge.

The Dri•Bank system has undergone performance testing under different environmental conditions: normal laboratory
surroundings (30% RH and 20˚C), simulated tropical setting if used in the field (>90% RH and 30˚C) and cryogenic (-50˚C).
When closed under laboratory conditions the interior has low moisture levels (<10% RH) within five minutes and had no
detectable moisture (0% RH) after 20 minutes. During simulated tropical conditions, the internal environs are brought to
less than 10% RH within 15 minutes and no detectable humidity after 50 minutes when closed.

When compared to a standard cryo-box, our container maintained a dry-air environment when removed from cryogenic
conditions. Specifically, to simulate either when a slide box is accidentally left out too long or if a refrigeration system fails,
within 10 minutes the comparison is noticeable. After 7 minutes at -2˚C, the normal cryo-box has an internal humidity of
70% as moisture began to be released from its frozen state. Meanwhile the Dri•Bank rises to no more than 6%. If either
container is left out until at room temperature (20˚C), the cryo-box is stable at 50% RH and the Dri•Bank has no detectable
moisture (0% RH).

Not surprisingly with these capabilities, biological samples can be preserved in much less time than would be required by
traditional means and used in a wide variety of settings. Clearly, all these factors underscore an easier, more cost-effective
means to preserve and store various biological samples at ambient conditions without costly refrigeration systems or
necessitating the use and exposure to toxic, cancer causing chemicals, or troublesome filter paper methods.

The Dri•Bank® System
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The Dri•Bank Innovation
Specimen preservation and storage at room temperature
Publications in peer-reviewed scientific journals have demonstrated bio-molecules previously thought to be highly
susceptible to degradation at room temperature without chemical and/or physical interventions are not. These
included amino acids, such as enzymes and most recently the “unstable” nucleic acid, RNA (see Figures on page
9).

Works published in recent years support the premise that chemical fixation of biological samples and/or
refrigeration may not be necessary to effectively preserve samples of interest.2,3 To date, only aqueous DNA
samples using filter paper-based technologies for example, have been verified to be reliably stored for several
decades at room temperature. In fact, articles have demonstrated detection of soft tissue from dinosaur bones
millions of years old.19 Nonetheless, the accepted dogma dictates that RNA is to be thought of as a highly sensitive
and unstable macromolecule that necessitates precautionary measures to minimize its loss. Again, recent
publications have begun to demonstrate this inaccuracy, where RNA can be reliably stabilized under dry-air
conditions at room temperature for several months without the aforementioned loss.2,4,5 Furthermore, proteins of
different varieties, i.e. enzymatic, structural, signaling, etc. have been shown to be stable for six months dried and
stored under dry-air conditions. Previous publications in scientific journals4 have demonstrated detection of
enzymatic and structural proteins with no degradation observed. Finally at the cytological level, it was thought if
specimen were dried and stored dried at room temperature that their cellular morphology would change over time.
This, too, has been disproven through careful research published in peer-review journals.6,7 Where studies
examined the morphology of unfixed, as compared to those chemically fixed, cells over the course of 1 month dried
at room temperature with no noticeable change.

Low-Cost, High-Efficiency Alternative for Biological Sample Storage and/or Shipment
The more steps, or manipulations one has to perform on a specimen in order to obtain the information needed, the
more time and money is consumed. The more samples that can be analyzed with minimal interventions, the more
cost-effective and faster turn-around time is achieved. The Dri•Bank system offers a low-cost, high-quality, high-
efficiency, greater flexibility and faster turn-around time for storing biological samples in various formats. Formalin-
fixed, paraffin-embedded samples represent the highest average cost per sample at approximately $2.50, while
room temperature storage offers a tremendous saving at approximately $0.25 per sample (Figure 2).

 $-
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METHOD
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VS
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FIGURE 2. Cost comparison of sample preserved and
stored using traditional and non-traditional methods.
FFPE – formalin-fixed, paraffin-embedded. Cold-Chain =
traditional cold storage and/or shipping with or without
dry ice. Competitor = represents current ambient
temperature preservation/storage products. NOTE:
clinical samples as reported by Jensen et al. 2009 are
not included, but it is acknowledge these can run
between $1,000 to $10,000 USD each.15
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Did you know since the 1970’s
cryogenic storage in liquid
nitrogen (LN2) has numerous
faults?

This would include:

1.) Prone to external and 
internal contamination

2.) Asphyxiant hazard

3.) Burn hazard

4.) Refrigerant loss, and more!

Fact ✓
8

Blunn Creek Greenway

Austin, TX
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Research Shows the Dri•Bank® System is Effective on 
Microbiome Samples, and more!

U.S. Patent #9,044,007 and other patents pending.
Inclined Biomedical Technologies, IBT, Dri•Bank, 
DriBank Labs, DBL, Atacama Cartridge, and 
Atacama-C Cartridge are trademarks of Inclined 
Biomedical Technologies, Inc.  Dri•Bank and 
Atacama are U.S. registered trademarks.
© 2018 by Inclined Biomedical Technologies, Inc. 
DBA DriBank Labs.  All rights reserved.

High-quality RNA Extracted From Biopsied Samples
Dehydrated and Stored Dried at Room Temperature
Without Chemical Preservation for up to 3 Months

as Evidenced by RT-PCR Results
Theodore R. Sadler, PhD* and Ani C. Khodavirdi, PhDw

Abstract: Handling and maintenance of biological tissues for
nucleic acid and/or protein analysis has long been a challenge
because of the perceived instability of these molecules at room
temperature if not preserved or processed. Structural damage
and compromised integrity of aforementioned biomolecules
subsequent to preservation have also posed difficulties in their
use in research. The development of technologies employing
nonfixative methods with the capability to store at room tem-
perature have been of growing interest. Our previous pub-
lication exploring preservation of proteins by desiccation
challenged the convention of their unstable nature. Herein, we
report the results of quantitative and qualitative analyses of
RNA from tissue samples that were desiccated and stored at
room temperature for up to 3 months. Our results indicate that
viable RNA can be obtained from dehydrated ex vivo tissue
samples that have been stored at room temperature.

Key Words: RNA, RT-PCR, anhydrobiosis, desiccant, room
temperature storage

(Appl Immunohistochem Mol Morphol 2015;23:456–461)

One of the critical biomolecules used for diagnostic
and research purposes is RNA. Per conventional

beliefs, the RNA structure is highly susceptible to deg-
radation if not cryogenically maintained or treated with
chemicals for keeping at normal environmental con-
ditions. According to the literature, examinations of un-
preserved samples identified nucleases as the main culprit
for RNA degradation as confirmed by loss of signal.1–4

Like many other enzymes, nucleases primarily depend on
the presence of water to cleave bonds, subsequently de-
grading biological molecules. To disable such biochemical
reactions and preserve structural and functional integrity
under normal environmental conditions, RNA is treated

with stabilizing agents or chemical fixatives such as
formaldehyde,5 which ironically renders it damaged be-
cause of cross-links and other structural alterations.5–8

Thus, it has been difficult or nearly impossible to generate
meaningful gene expression profiles from RNA preserved
with such chemicals.6,7,9,10

The negative impact of commonly used preservatives
and fixative agents on essential biomolecules such as nucleic
acids and proteins has been the primary driver for devel-
opment of technologies employing alternative storage
of nonfixed biological specimens at room temper-
ature.2,3,5,7,9–12 Other potential benefits of such technologies
include reduction in exposure to toxic and/or carcinogenic
chemicals, elimination of expensive refrigeration systems,
reduction in cost and waste generation/disposal, and re-
duction in overall environmental impact.6,9,10 Con-
sequently, the concept of anhydrobiosis, which is an
ametabolic state exemplified by desiccation, has become
an area of great interest and focus because of its central role
in nonfixative, room temperature storage.6–8,13

During cellular desiccation (elimination of water) as
observed in simple unicellular organisms, specialized car-
bohydrates are synthesized to first stabilize intracellular
biomolecules, and next, to vitrify the cell for protection
from potential damage.13 Mimicking the function of these
unique carbohydrates, various aqueous-based compounds
have been developed for commercial use.7,8 Their appli-
cation requires a 3-step process, wherein the sample is
coated and then completely dehydrated by a vacuum
centrifuge or similar device.7,8 When ready for use, the
coating is removed by immersing the sample in water.
Although it is believed that this technique could preserve
samples for up to 120 years and should be compatible with
modern molecular methods, for instance reverse tran-
scription-polymerase chain reaction (RT-PCR),6,8,13 it has
certain limitations:
! The dehydration step could last 2 to 3 days, during

which time the cells are susceptible to damage; and
! The step-wise process could be cumbersome, especially

for large number of samples.
We previously reported sustained stability of pro-

teins extracted from brain tissue sections that were de-
siccated and stored at room temperature under ultra low
(under 10% relative humidity), dry air conditions over a
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Utility of a portable desiccant system for preservation of fecal samples for
downstream 16S rRNA amplicon sequencing
Philip J. Johnsonb, Leeza L. Hargreavesb, Chelsea N. Zobristb, Aaron C. Ericssona,b,⁎

aUniversity of Missouri Metagenomics Center (MUMC), 4011 Discovery Dr., Columbia, MO 65201, USA
bUniversity of Missouri College of Veterinary Medicine, 900 E. Campus Dr., Columbia, MO 65211, USA

A R T I C L E I N F O

Keywords:
16S rRNA gene
Desiccation
Horse
Microbiota
Preservation

A B S T R A C T

While recent advances in culture-independent sequencing approaches have revitalized the field of microbiology,
rapid collection and preservation of microbial DNA in samples like feces is critical to avoid degradation of target
DNA via nuclease activity and proliferation of aerotolerant microbes. Common laboratory practices to amelio-
rate such changes rely on prompt freezing of samples or dispersion in nuclease-inhibiting reagents. As many of
the microbial enzymes associated with nuclease activity and bacterial proliferation are hydrolases, prompt de-
siccation of samples offers an attractive alternative to freezing and liquid reagents for field collection of samples
in remote areas. Herein, we evaluated the utility of a portable desiccant chamber with a rechargeable cartridge,
for preservation of equine fecal samples for downstream microbial profiling via 16S rRNA amplicon sequencing.
Controls included matched samples promptly frozen at −80 °C or left at room temperature for an equivalent
period of time. While samples held at room temperature showed a significant reduction in richness and pro-
liferation of several facultative anaerobes, desiccated samples showed minimal change from promptly frozen
samples, with the exception of increased abundance of Acinetobacter spp. in desiccated samples relative to frozen
samples. The data support the utility of portable desiccant chambers for the preservation of microbial field
samples intended for downstream sequencing approaches.

1. Introduction

During the last 15 years, the field of microbiology has experienced a
renaissance, owing to the development of culture-independent mole-
cular methods of characterizing microbial communities. One of the
most readily available methods exploits characteristics of the partially
conserved bacterial and archaeal 16S rRNA gene, encoding the small
ribosomal subunit, to identify and quantify multiple members of highly
complex microbial populations. Such methods have been widely em-
ployed to investigate diverse bacterial ecosystems ranging from the
human gut microbiota (GM) to extremophile communities in deep-sea
vents. These methods have also provided highly compelling data gen-
erated from environmental and host-associated samples collected from
sites necessitating field preservation of samples. Notably, host-asso-
ciated GM samples are dominated by obligately anaerobic organisms,
many of which will not survive exposure to ambient oxygen.
Furthermore, fecal material often contains considerable nuclease ac-
tivity such that any DNA released form dead or lysed bacteria will begin
to degrade rather rapidly. To obviate these factors capable of skewing
downstream results, researchers typically either place samples directly

into a lysis buffer containing nuclease inhibitors (requiring the trans-
port of bulky liquid materials for appropriate sample preservation) or
freeze the samples promptly following collection.

DNA is degraded by several classes of endo- and exonuclease, with
varying affinities for single- or double-stranded nucleic acids and a wide
range of sequence specificities. That said, the International Union of
Biochemistry and Molecular Biology classifies the vast majority of these
enzymes as hydrolases (EC 3.1), requiring the availability of water for
the hydrolytic cleavage of the phosphodiester bonds between nucleic
acid monomers. Thus, rapid desiccation of samples represents an at-
tractive means of inhibiting degradation of microbial DNA following
field collection of anaerobic samples intended for next-generation se-
quencing. The following study, performed using fecal samples collected
from 16 horses of various ages and breeds, was designed to assess the
preservation of microbial community structure in rapidly desiccated
samples. Freshly evacuated samples were divided into three portions
and either promptly placed in a −80 °C freezer (the current gold
standard for preservation of microbial DNA), or placed in the DriBank
desiccant system for 24 or 72 h at room temperature and then trans-
ferred to a −80 °C freezer. To serve as a control and determine the

https://doi.org/10.1016/j.mimet.2018.01.007
Received 20 December 2017; Received in revised form 15 January 2018; Accepted 15 January 2018

⁎ Corresponding author at: 4011 Discovery Drive, S123B, Columbia, MO 65201, USA.
E-mail address: ericssona@missouri.edu (A.C. Ericsson).

Abbreviations: OTU, operational taxonomic unit; PCoA, principal coordinate analysis
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Fig. 2. Bar charts showing mean (± SEM) number of operational taxonomic units (OTUs) (A), Shannon diversity index (B), and Simpson diversity index (C) in 16 freshly evacuated
equine fecal samples desiccated in the DriBank device, maintained at −80 °C until processing (Frozen), or kept at room temperature for 24 h (RT). Bars indicate significant differences
between groups based on one-way repeated measures ANOVA.

Fig. 3. Principal coordinate analyses based on Jaccard (A) and Bray-Curtis (B) distances, showing the relationship between community structure of promptly frozen samples and matched
samples desiccated using the DriBank system or left at room temperature (RT) for 24 to 72 h.
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signal intensity could be attributed to different concen-
trations of loaded samples.

We recognize that this study was not without limi-
tations. Our analysis was based on a small sample size
from a single tissue type. Although the population for
each timepoint was low in number (n=1), results
throughout the 3-month period has warranted a more
extensive investigation with larger sample size and various
tissue types. In addition, RNA stability and its handling
and storage methodologies must be evaluated at longer
timepoints. Future analyses would also include RIN or
RNA integrity number measurements for assessing RNA
integrity and real-time PCR (qPCR) for quantifying
amplified sequences of interest.

Despite the aforementioned limitations of which we
were aware in advance of study initiation, we have dem-
onstrated using basic research methods that intact RNA
can be extracted in sufficient amounts from ex vivo tissue
samples, desiccated and stored at room temperature for
up to 3 months. Moreover, our results have shown that
RNA extracts from these desiccated tissues can produce
viable cDNA. Challenging conventional beliefs of RNA
stability, these findings have established the short-term
stability of RNA from desiccated biological samples
stored at room temperature and have warranted further
investigation of long-term RNA stability.
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FIGURE 2. RT-PCR results for GAPDH and b-actin. A, Visualization of GAPDH amplicon (578 bp) on 2% agarose gel. Lane 1, 1 kbp
DNA ladder; lane 2, blank; lane 3, RNA extract from fresh tissue; lane 4, RNA extracted from tissue desiccated for 8 hours; lane 5,
RNA extracted from tissue desiccated for 1 day; lane 6, RNA extracted from tissue desiccated for 1 week; lane 7, RNA extracted
from tissue desiccated for 2 weeks; lane 8, RNA extracted from tissue desiccated for 1 month; and lane 9, RNA extracted from
tissue desiccated for 3 months. B, Visualization of b-actin amplicon (338 bp) on 2% agarose gel. Lane 1 = 10 kbp DNA ladder; lane
2, blank; lane 3, RNA extract from fresh tissue; lane 4, 8 hours RNA extract; lane 5, RNA extracted from tissue desiccated for 1 day;
lane 6, RNA extracted from tissue desiccated for 1 week; lane 7, RNA extracted from tissue desiccated for 2 weeks; lane 8, RNA
extracted from tissue desiccated for 1 month; and lane 9, RNA extracted from tissue desiccated for 3 months. RT-PCR indicates
reverse transcription-polymerase chain reaction.
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High-quality RNA Extracted From Biopsied Samples
Dehydrated and Stored Dried at Room Temperature
Without Chemical Preservation for up to 3 Months

as Evidenced by RT-PCR Results
Theodore R. Sadler, PhD* and Ani C. Khodavirdi, PhDw

Abstract: Handling and maintenance of biological tissues for
nucleic acid and/or protein analysis has long been a challenge
because of the perceived instability of these molecules at room
temperature if not preserved or processed. Structural damage
and compromised integrity of aforementioned biomolecules
subsequent to preservation have also posed difficulties in their
use in research. The development of technologies employing
nonfixative methods with the capability to store at room tem-
perature have been of growing interest. Our previous pub-
lication exploring preservation of proteins by desiccation
challenged the convention of their unstable nature. Herein, we
report the results of quantitative and qualitative analyses of
RNA from tissue samples that were desiccated and stored at
room temperature for up to 3 months. Our results indicate that
viable RNA can be obtained from dehydrated ex vivo tissue
samples that have been stored at room temperature.

Key Words: RNA, RT-PCR, anhydrobiosis, desiccant, room
temperature storage

(Appl Immunohistochem Mol Morphol 2015;23:456–461)

One of the critical biomolecules used for diagnostic
and research purposes is RNA. Per conventional

beliefs, the RNA structure is highly susceptible to deg-
radation if not cryogenically maintained or treated with
chemicals for keeping at normal environmental con-
ditions. According to the literature, examinations of un-
preserved samples identified nucleases as the main culprit
for RNA degradation as confirmed by loss of signal.1–4

Like many other enzymes, nucleases primarily depend on
the presence of water to cleave bonds, subsequently de-
grading biological molecules. To disable such biochemical
reactions and preserve structural and functional integrity
under normal environmental conditions, RNA is treated

with stabilizing agents or chemical fixatives such as
formaldehyde,5 which ironically renders it damaged be-
cause of cross-links and other structural alterations.5–8

Thus, it has been difficult or nearly impossible to generate
meaningful gene expression profiles from RNA preserved
with such chemicals.6,7,9,10

The negative impact of commonly used preservatives
and fixative agents on essential biomolecules such as nucleic
acids and proteins has been the primary driver for devel-
opment of technologies employing alternative storage
of nonfixed biological specimens at room temper-
ature.2,3,5,7,9–12 Other potential benefits of such technologies
include reduction in exposure to toxic and/or carcinogenic
chemicals, elimination of expensive refrigeration systems,
reduction in cost and waste generation/disposal, and re-
duction in overall environmental impact.6,9,10 Con-
sequently, the concept of anhydrobiosis, which is an
ametabolic state exemplified by desiccation, has become
an area of great interest and focus because of its central role
in nonfixative, room temperature storage.6–8,13

During cellular desiccation (elimination of water) as
observed in simple unicellular organisms, specialized car-
bohydrates are synthesized to first stabilize intracellular
biomolecules, and next, to vitrify the cell for protection
from potential damage.13 Mimicking the function of these
unique carbohydrates, various aqueous-based compounds
have been developed for commercial use.7,8 Their appli-
cation requires a 3-step process, wherein the sample is
coated and then completely dehydrated by a vacuum
centrifuge or similar device.7,8 When ready for use, the
coating is removed by immersing the sample in water.
Although it is believed that this technique could preserve
samples for up to 120 years and should be compatible with
modern molecular methods, for instance reverse tran-
scription-polymerase chain reaction (RT-PCR),6,8,13 it has
certain limitations:
! The dehydration step could last 2 to 3 days, during

which time the cells are susceptible to damage; and
! The step-wise process could be cumbersome, especially

for large number of samples.
We previously reported sustained stability of pro-

teins extracted from brain tissue sections that were de-
siccated and stored at room temperature under ultra low
(under 10% relative humidity), dry air conditions over a
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Utility of a portable desiccant system for preservation of fecal samples for
downstream 16S rRNA amplicon sequencing
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A B S T R A C T

While recent advances in culture-independent sequencing approaches have revitalized the field of microbiology,
rapid collection and preservation of microbial DNA in samples like feces is critical to avoid degradation of target
DNA via nuclease activity and proliferation of aerotolerant microbes. Common laboratory practices to amelio-
rate such changes rely on prompt freezing of samples or dispersion in nuclease-inhibiting reagents. As many of
the microbial enzymes associated with nuclease activity and bacterial proliferation are hydrolases, prompt de-
siccation of samples offers an attractive alternative to freezing and liquid reagents for field collection of samples
in remote areas. Herein, we evaluated the utility of a portable desiccant chamber with a rechargeable cartridge,
for preservation of equine fecal samples for downstream microbial profiling via 16S rRNA amplicon sequencing.
Controls included matched samples promptly frozen at −80 °C or left at room temperature for an equivalent
period of time. While samples held at room temperature showed a significant reduction in richness and pro-
liferation of several facultative anaerobes, desiccated samples showed minimal change from promptly frozen
samples, with the exception of increased abundance of Acinetobacter spp. in desiccated samples relative to frozen
samples. The data support the utility of portable desiccant chambers for the preservation of microbial field
samples intended for downstream sequencing approaches.

1. Introduction

During the last 15 years, the field of microbiology has experienced a
renaissance, owing to the development of culture-independent mole-
cular methods of characterizing microbial communities. One of the
most readily available methods exploits characteristics of the partially
conserved bacterial and archaeal 16S rRNA gene, encoding the small
ribosomal subunit, to identify and quantify multiple members of highly
complex microbial populations. Such methods have been widely em-
ployed to investigate diverse bacterial ecosystems ranging from the
human gut microbiota (GM) to extremophile communities in deep-sea
vents. These methods have also provided highly compelling data gen-
erated from environmental and host-associated samples collected from
sites necessitating field preservation of samples. Notably, host-asso-
ciated GM samples are dominated by obligately anaerobic organisms,
many of which will not survive exposure to ambient oxygen.
Furthermore, fecal material often contains considerable nuclease ac-
tivity such that any DNA released form dead or lysed bacteria will begin
to degrade rather rapidly. To obviate these factors capable of skewing
downstream results, researchers typically either place samples directly

into a lysis buffer containing nuclease inhibitors (requiring the trans-
port of bulky liquid materials for appropriate sample preservation) or
freeze the samples promptly following collection.

DNA is degraded by several classes of endo- and exonuclease, with
varying affinities for single- or double-stranded nucleic acids and a wide
range of sequence specificities. That said, the International Union of
Biochemistry and Molecular Biology classifies the vast majority of these
enzymes as hydrolases (EC 3.1), requiring the availability of water for
the hydrolytic cleavage of the phosphodiester bonds between nucleic
acid monomers. Thus, rapid desiccation of samples represents an at-
tractive means of inhibiting degradation of microbial DNA following
field collection of anaerobic samples intended for next-generation se-
quencing. The following study, performed using fecal samples collected
from 16 horses of various ages and breeds, was designed to assess the
preservation of microbial community structure in rapidly desiccated
samples. Freshly evacuated samples were divided into three portions
and either promptly placed in a −80 °C freezer (the current gold
standard for preservation of microbial DNA), or placed in the DriBank
desiccant system for 24 or 72 h at room temperature and then trans-
ferred to a −80 °C freezer. To serve as a control and determine the
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Fig. 2. Bar charts showing mean (± SEM) number of operational taxonomic units (OTUs) (A), Shannon diversity index (B), and Simpson diversity index (C) in 16 freshly evacuated
equine fecal samples desiccated in the DriBank device, maintained at −80 °C until processing (Frozen), or kept at room temperature for 24 h (RT). Bars indicate significant differences
between groups based on one-way repeated measures ANOVA.

Fig. 3. Principal coordinate analyses based on Jaccard (A) and Bray-Curtis (B) distances, showing the relationship between community structure of promptly frozen samples and matched
samples desiccated using the DriBank system or left at room temperature (RT) for 24 to 72 h.
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signal intensity could be attributed to different concen-
trations of loaded samples.

We recognize that this study was not without limi-
tations. Our analysis was based on a small sample size
from a single tissue type. Although the population for
each timepoint was low in number (n=1), results
throughout the 3-month period has warranted a more
extensive investigation with larger sample size and various
tissue types. In addition, RNA stability and its handling
and storage methodologies must be evaluated at longer
timepoints. Future analyses would also include RIN or
RNA integrity number measurements for assessing RNA
integrity and real-time PCR (qPCR) for quantifying
amplified sequences of interest.

Despite the aforementioned limitations of which we
were aware in advance of study initiation, we have dem-
onstrated using basic research methods that intact RNA
can be extracted in sufficient amounts from ex vivo tissue
samples, desiccated and stored at room temperature for
up to 3 months. Moreover, our results have shown that
RNA extracts from these desiccated tissues can produce
viable cDNA. Challenging conventional beliefs of RNA
stability, these findings have established the short-term
stability of RNA from desiccated biological samples
stored at room temperature and have warranted further
investigation of long-term RNA stability.
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FIGURE 2. RT-PCR results for GAPDH and b-actin. A, Visualization of GAPDH amplicon (578 bp) on 2% agarose gel. Lane 1, 1 kbp
DNA ladder; lane 2, blank; lane 3, RNA extract from fresh tissue; lane 4, RNA extracted from tissue desiccated for 8 hours; lane 5,
RNA extracted from tissue desiccated for 1 day; lane 6, RNA extracted from tissue desiccated for 1 week; lane 7, RNA extracted
from tissue desiccated for 2 weeks; lane 8, RNA extracted from tissue desiccated for 1 month; and lane 9, RNA extracted from
tissue desiccated for 3 months. B, Visualization of b-actin amplicon (338 bp) on 2% agarose gel. Lane 1 = 10 kbp DNA ladder; lane
2, blank; lane 3, RNA extract from fresh tissue; lane 4, 8 hours RNA extract; lane 5, RNA extracted from tissue desiccated for 1 day;
lane 6, RNA extracted from tissue desiccated for 1 week; lane 7, RNA extracted from tissue desiccated for 2 weeks; lane 8, RNA
extracted from tissue desiccated for 1 month; and lane 9, RNA extracted from tissue desiccated for 3 months. RT-PCR indicates
reverse transcription-polymerase chain reaction.
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A B S T R A C T

While recent advances in culture-independent sequencing approaches have revitalized the field of microbiology,
rapid collection and preservation of microbial DNA in samples like feces is critical to avoid degradation of target
DNA via nuclease activity and proliferation of aerotolerant microbes. Common laboratory practices to amelio-
rate such changes rely on prompt freezing of samples or dispersion in nuclease-inhibiting reagents. As many of
the microbial enzymes associated with nuclease activity and bacterial proliferation are hydrolases, prompt de-
siccation of samples offers an attractive alternative to freezing and liquid reagents for field collection of samples
in remote areas. Herein, we evaluated the utility of a portable desiccant chamber with a rechargeable cartridge,
for preservation of equine fecal samples for downstream microbial profiling via 16S rRNA amplicon sequencing.
Controls included matched samples promptly frozen at −80 °C or left at room temperature for an equivalent
period of time. While samples held at room temperature showed a significant reduction in richness and pro-
liferation of several facultative anaerobes, desiccated samples showed minimal change from promptly frozen
samples, with the exception of increased abundance of Acinetobacter spp. in desiccated samples relative to frozen
samples. The data support the utility of portable desiccant chambers for the preservation of microbial field
samples intended for downstream sequencing approaches.

1. Introduction

During the last 15 years, the field of microbiology has experienced a
renaissance, owing to the development of culture-independent mole-
cular methods of characterizing microbial communities. One of the
most readily available methods exploits characteristics of the partially
conserved bacterial and archaeal 16S rRNA gene, encoding the small
ribosomal subunit, to identify and quantify multiple members of highly
complex microbial populations. Such methods have been widely em-
ployed to investigate diverse bacterial ecosystems ranging from the
human gut microbiota (GM) to extremophile communities in deep-sea
vents. These methods have also provided highly compelling data gen-
erated from environmental and host-associated samples collected from
sites necessitating field preservation of samples. Notably, host-asso-
ciated GM samples are dominated by obligately anaerobic organisms,
many of which will not survive exposure to ambient oxygen.
Furthermore, fecal material often contains considerable nuclease ac-
tivity such that any DNA released form dead or lysed bacteria will begin
to degrade rather rapidly. To obviate these factors capable of skewing
downstream results, researchers typically either place samples directly

into a lysis buffer containing nuclease inhibitors (requiring the trans-
port of bulky liquid materials for appropriate sample preservation) or
freeze the samples promptly following collection.

DNA is degraded by several classes of endo- and exonuclease, with
varying affinities for single- or double-stranded nucleic acids and a wide
range of sequence specificities. That said, the International Union of
Biochemistry and Molecular Biology classifies the vast majority of these
enzymes as hydrolases (EC 3.1), requiring the availability of water for
the hydrolytic cleavage of the phosphodiester bonds between nucleic
acid monomers. Thus, rapid desiccation of samples represents an at-
tractive means of inhibiting degradation of microbial DNA following
field collection of anaerobic samples intended for next-generation se-
quencing. The following study, performed using fecal samples collected
from 16 horses of various ages and breeds, was designed to assess the
preservation of microbial community structure in rapidly desiccated
samples. Freshly evacuated samples were divided into three portions
and either promptly placed in a −80 °C freezer (the current gold
standard for preservation of microbial DNA), or placed in the DriBank
desiccant system for 24 or 72 h at room temperature and then trans-
ferred to a −80 °C freezer. To serve as a control and determine the
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Peer-reviewed 
scientific publications 
continue to support 
the efficacy of the 
Dri•Bank System
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The Dri•Bank Innovation
Eco-Friendly
Given the Dri•Bank is reusable and does not require electricity or use of toxic chemicals, this greatly reduces the
environmental impact for storing or shipping biological samples. A study conducted by Stanford University in 2009
investigated the cost and environmental impact of transitioning from cold-chain to room temperature storage.15

There, it was determined that a facility of its current storage capacity, around 2000 freezers across 350
laboratories could swap a quarter of its total number of biological samples (~13M) to room temperature storage.
This would translate into a reduced carbon footprint by 18,000 metric tons and a cost savings of $16M over ten
years. Currently the annual operational cost of all the freezers at Stanford run about $5.6M, producing an
estimated 3,600 tons of carbon dioxide and consuming nearly 40,000 million BTU of energy. If this model were
applied to all the larger academic institutions and biobanks across the US, 171 and 157 respectively the total
annual carbon footprint reduction would be about 300,000 tons plus a cost saving of roughly half a billion US
dollars.

Third-Party Evaluation

Several organizations representing large academic institutions (i.e., medical schools) and businesses have
evaluated the Dri•Bank system. These evaluators were not financially compensated for their time or supplies used,
and performed tests when their schedule permitted. A variety of biological samples were used during the trial
period: from animal tissue to yeast to human cell lines to primate serum to purified nucleic acids.

Evaluators were asked to provide their own impression after using our product. From the pool of evaluators, four
provided comments. One, a large international biotech company stored fresh-frozen tissue sections in our
container at room temperature for one week. These samples were compared to samples kept at -80˚C, which
were subsequently stained using immunohistochemistry methods. After staining they reported their results were
equivalent to those stored cryogenically for the same period. A different evaluator from the same biotech company
used the Dri•Bank for preparing samples for analysis by mass spectrometer. It was mentioned they typically must
dry their samples overnight in an oven or at room temperature. However, using the Dri•Bank their samples were
ready for analysis after only 15 minutes!

A research scientist from a cancer research center was completely surprised that aliquots of purified RNA could be
dried, stored dried at room temperature and then reconstituted days later without any signs of decomposition. This
investigator analyzed the dried aliquots using qRT-PCR on a Agilent 2100 Bioanalyzer. Lastly, a large diagnostic
company examined primate blood serum dried and stored dried in the Dri•Bank over two weeks at room
temperature. They compared the samples from the Dri•Bank to those normally kept at -80˚C. Several markers
were examined using Array Immuno-Multiplexing, all were detectable and equivalent to one another.

“Great product, 
works really well.
Dr. James Collins
Professor, University of Minnesota
Former Director Veterinary Diagnostic 
Laboratory
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Compared to other room
temperature innovations, the
reusable Dri•Bank® system
preserves and stores
biological samples with
results equivalent to fresh or
frozen samples at -80˚C up to
several months5,6,7 without
the hassle of thawing, eluting,
or washing!

Fact ✓
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Implementation
The Dri•Bank system was developed as an efficient way to store numerous samples so that they are “load and go.”
With no need to remove chemical coatings or fixatives, elute samples off cards, or thaw specimens the samples
preserved and stored in our product can be immediately used for analysis. For the majority of analytical
specimens whose turn around time is from hours to a few months, the Dri•Bank is a powerfully efficient bench top
innovation for any laboratory or field researcher. Plus for sample requiring longer-term storage and/or for more
sensitive or untested biomolecules the Dri•Bank works with traditional cold-chain storage. Simply dry the sample
with the Dri•Bank and then store as usual. The Dri•Bank will keep your samples preserved and last longer than
normal due to its ability to effectively adsorb moisture.

For shipping samples, nothing could be easier than drying the sample within the Dri•Bank system, once confirmed
dry, then package and ship to its destination without the need for Styrofoam boxes, dangerous refrigerants (dry ice
or liquid nitrogen, or costly hazard surcharges.
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Summary
The Dri•Bank system is the most convenient, easy to use, lowest maintenance and most cost-effective innovation
on the market today for preserving and storing biological samples at room temperature. The Dri•Bank has
demonstrated its compatibility to preserve and store tissue sections, biopsy specimen, blood serum, and purified
nucleic acid, including RNA at room temperature, for several months. This is supported by both peer-reviewed
scientific publications and successful third-party implementation. Where, customers have both liked the Dri•Bank
and were happily surprised by its effectiveness to both preserve and store biological samples at room temperature.
Finally, this effectiveness of preserving and securely storing biological samples at room temperature translates into
tremendous cost savings.
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Despite it’s numerous
drawbacks10, formaldehyde
(formalin) continues to be one
of the most frequently used
preservatives across the globe

These include:

1. Incompatible with numerous 
modern molecular assays

2. Destroys nucleic acid 
biomarkers

3. Masks protein epitopes

4. Requires caustic, high-
temperature solutions to 
remove

5. Toxic, cancer-causing 
compound

Fact ✓
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Farmland

Harcourt, IA
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