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mRNA profiles as close
biological reality as possible
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Technical Overview
Many methods for extracting RNA from cell culture or
small tissue samples rely on solid phase purification
or solvent based extraction and precipitation. In
some cases, lysis is achieved using agents that must
be neutralized or removed from the solution before
the nucleic acid is usable for analysis. This
requirement increases the number of manipulations;
and if solid phase or solvent methods are used,
reduces yields and introduces bias into the
population of mRNAs.
MicroGEM’s RNAGEM solves these challenges with
extremely fast, temperature-driven RNA extractions
that simultaneously lyse cells and eliminate RNases.
RNAGEM is a powerful, broad-specificity,
thermophilic proteinase that aggressively destroys
ribonucleases. It is ideal for preparing RNA from
mammalian cell culture, laser capture microdissection and FACS-prepared cell populations, as
well as cells in suspension, adherent cells, cells
stored in RNAlater™, and cell pellets.

Upper Wright Valley, Ross Sea Region - Antarctica
Source of RNAGEM™

Extraction Workflow
RNAGEM uses a rapid, single-tube protocol that

releases RNA and DNA with excellent linearity across
a wide range of cell numbers. The method is
automatable, closed-tube, and does not require
further purification of the RNA for accurate RT-qPCR
analysis.
The RNAGEM reagents efficiently lyse the cells and
strip protein from nucleic acids, thereby allowing
higher processivity of polymerases. The result is
greater sensitivity - especially with low abundance
transcripts and small sample volumes. Reduced
handling and efficient template preparation means
the RNAGEM kits generate mRNA profiles that are as
close to the biological reality of the sample as
possible.

Figure 1. RNAGEM workflow vs competitive methods: The RNAGEM kit allows for total nucleic acid extraction, or just
extraction of RNA. The protocol for co-purification of RNA and DNA is rapid, going from sample to nucleic acids in under
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20 minutes. Summarized are the co-purification and RNA extraction workflows.

Data-Proven Effectiveness
The RNAGEM kit is highly adaptable to a range of extraction volumes and can be scaled from a few cells (where
a small volume is desired) to ~ 5 x 105 cells. After extraction, an optional DNase treatment is included to enrich
for RNA. The RNA is immediately ready for downstream applications, such as RT-PCR and RT-qPCR. These
reagents can be added directly to the RNA sample for a simple, streamlined 96-well plate protocol.
Figure 2. Residual Activity of Dilutions of RNAse A
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Figure 2 shows the ability of RNAGEM to remove
RNAse A (a problematic enzyme to remove)
from a solution. RNAGEM extraction reagents
were spiked with RNAse A ranging from
0.00001 - 10 Kunitz units and incubated at
70°C for five minutes. On completion, the
residual activity was assayed using a duallabelled RNA oligonucleotide where the
presence of RNAse is detected by an increase
in fluorescence over time. The plot
demonstrates that RNAGEM, at working
conditions, totally inactivates up to 0.1 Kunitz
units of RNAse A. This is an amount that greatly
exceeds expected levels of RNAse in a
biological sample and shows the superb
dynamic range of this chemistry.

Figure 2. Residual activity of dilutions of RNAse A treated with RNAGEM for 5 minutes. Eight different amounts of RNAse
A were used in separate experiments ranging from 0 Kunitz units to 10 Kunitz units (shown on the Z axis). In the presence
of residual activity, fluorescence (Y axis) increases with time (X axis). Only the experiments with 1 full unit or more showed
increasing fluorescence over time. Hence up to 0.1 units of RNAse A are effectively cleared by RNAGEM during extraction.

The simplicity of the method results in high yields that are linear over a wide range of cell numbers. The plots
shown in Figure 3 were obtained when 5 µl of RNAGEM extracts from HeLa cells were added directly to an RTqPCR reaction. Cell numbers ranging from 10 – 50,000 were extracted with RNAGEM and plots generated from
a high abundance mRNA (ACTB; ß-actin) and a low abundance mRNA (BRCA1; breast cancer early onset). The
clean traces with gradients similar to the standards demonstrate the lack of inhibition, and the plots obtained
from as few as 10 cells demonstrate the sensitivity of the method with low cell numbers.

Figure 3. RT-qPCR plots of RNA extracted from a dilution series of HeLa cells from 10 - 50,000 cells. A: high copy number
mRNA (ACTB) B: low copy number mRNA (BRCA1). Red = standards; Blue = duplicate mRNA curves.
RNAGEM TECHNICAL OVERVIEW PAGE 2

The efficiency of RNAGEM extraction is constant over a broad range cell numbers – from single cells to
~ 5 x 105 . If larger samples are required, the method can be easily optimised. Figure 4 compares RNAGEM’s
yields to Trizol®. RNAGEM maintains a linear extraction efficiency from low to high cell numbers unlike Trizol
which suffers RNA loss with low abundance samples.
RNAGEM releases both DNA and RNA into the extract. Use of intron primers and intron-spanning primers can

normalise expression measurements in a single extraction. If it is necessary to remove DNA, use the DNAse
provided in the kit or any preferred third-party enzyme.

Figure 4. Log/Log plots of HeLa cell numbers versus mRNA copies detected. Both high copy number mRNAs (ACTB) and
low copy number (BRCA1) are shown. Two extraction methods are used: RNAGEM and Trizol.®

Supporting Publications
The following publications describe just a few examples of RNAGEM's applicability and efficacy:
Almanza G, Rodvold JJ, Tsui B, Jepsen K, Carter H, Zanetti M (2018) Extracellular vesicles produced in B cells
deliver tumor suppressor miR335 to breast cancer cells disrupting oncogenic programming in vitro and in vivo.
Nature Scientific Reports 8:17581. DOI:10.1038/s41598-018-35968-2.
Michaelides M, Miller ML, DiNieri JA, Gomez JL, Schwartz E, Egervari G, Wang GJ, Mobbs CV, Volkow ND, Hurd
YL (2017) Dopamine D2 Receptor Signaling in the Nucleus Accumbens Comprises a Metabolic–Cognitive
Brain Interface Regulating Metabolic Components of Glucose Reinforcement. Neuropsychopharmacology 42,
2365-2376. doi:10.1038/npp.2017.112.
Avraham R, Haseley N, Fan A, Bloom-Ackermann Z, Livny J, Hung DT (2016) A highly multiplexed and sensitive
RNA-seq protocol for simultaneous analysis of host and pathogen transcriptomes. Nature Protocols 11: 8,
1477-1491. doi:10.1038/nprot.2016.090.
Sheppard HM, Verdon D, Brooks AES, Feisst V, Ho YJ, Lorenz N, Fan V, Birch NP, Didsbury A, Dunbar PR (2014)
MicroRNA regulation in human CD8+ T cell subsets – cytokine exposure alone drives miR-146a expression.
Journal of Translational Medicine 12:292. doi: 10.1186/s12967-014-0292-0.
Note: Both RNAGEM Plus and ZyGEM have been rebranded as RNAGEM and MicroGEM.
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Advantages of Temperature-Driven Enzymatic RNA Extractions
•

Simplified, single-tube workflow provides RT-PCR and RT-qPCR ready RNA in 5-10
minutes.

•

Releases both RNA and DNA with excellent linearity across a wide range of cell numbers.

•

Requires no further purification of the RNA for accurate RT-PCR and RT-qPCR analysis.

•

Inhibitor-free means no harsh chemical washes or multiple steps are required.

•

Reduced handling means less contamination and no loss of DNA or RNA.

•

Perfect for low volume samples.

At MicroGEM, our goal is to democratize molecular biology, enabling a broader spectrum of users
to both employ and benefit from molecular techniques. Our first step toward this goal is the
simplification of sample preparation. Our temperature-driven, single-tube process simplifies and
reduces the number of steps for traditional nucleic acid extraction, resulting in high-quality extracts
with reduced contamination and high yields - all in minutes, not hours.
MicroGEM is committed to minimal packaging and a vibrant, sustainable world.
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