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Short synthetic oligonucleotides, such as small interfering RNA, antisense oligonucleotides, aptamers,
and CRISPR guides have gained much attention and grown rapidly as a new type of drug in gene
therapy. Over the past three years, the success of mMRNA vaccines for COVID-19 has generated

an explosion of interest in both academia and the pharmaceutical industry. Therefore, there are
growing needs and many opportunities for robust analytical QC methods in the development and
characterization of these nucleic acids and mRNA vaccine products. Common attributes include

size, purity, and melting temperature (Tm) of the nucleic acid samples. In addition, the 5- terminal
dinucleotide modification (capping), 3’ poly(A) tail of the mRNA, and its sequence are all very critical
to the transcription process that should be well-characterized.

Nucleic Acids (Short) Analysis by Capillary Electrophoresis (CE)

A variety of small (short) RNA types, such as microRNA
(MiRNA), small-interfering RNA (siRNA) and piwi-
interacting RNA (piRNA) are known to be involved in
gene silencing, and potentially other mechanisms of
gene regulation. Therefore, accurate measurement of the
quality of these samples can help ensure the success

of downstream applications, and be used to optimize
isolation and purification protocols for small RNAs.

The Agilent Fragment Analyzer systems are parallel
capillary electrophoresis instruments that are designed
for reliable and accurate nucleic acid sample assessment
(Figure 1). A broad range of application kits are available.
They focus on small RNA and miRNA quality control,
concentrating on a narrow range of 200 nucleotides (nt)
and below, and allow for high-separation resolution of
small RNAs.

The Agilent Oligo Pro Il system is an automated parallel CE
instrument designed for high-throughput separation and
purity analysis of single-stranded DNA (ssDNA) and RNA
oligonucleotides. The Oligo Pro Il system provides high
resolution and direct detection of oligos using a denaturing
gel that allows single-stranded nucleic acid samples

to migrate through a capillary and separate by size. UV
absorption spectroscopy is used for dye-free detection

of the sample. The system can accommodate a variety

of throughputs with interchangeable arrays, allowing for
the simultaneous analysis of 12, 24, or 96 samples. Up to
three 96-well plates can be loaded and analyzed without
user intervention.

!
s

Fragment Analyzer
(<200 nt with small RNA kits)

| el

Fragment Analyzer

Oligo Pro Il
(< 60 mer ssDNA and ssRNA)

Oligo Pro Il System

Workflow 1: Nucleic acids (short) analysis by capillary electrophoresis.
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mRNA purity analysis by capillary electrophoresis (Agilent Fragment Analyzer
and Agilent TapeStation) and UV-Vis (Agilent Cary 3500 UV-Vis)

MRNA produced by in vitro transcription (IVT) can be

used in a variety of applications, including vaccines, gene
therapies, cancer treatments, treatments for chronic
infections, and therapies for autoimmune disorders. Precise
and accurate quality control (QC) analysis is a critical part
of the IVT mRNA workflow (Figure 2).

The Agilent Fragment Analyzer systems can be used for
several QC steps at different checkpoints in mRNA vaccine
development, providing accurate and precise sizing and
purity analysis. These QC steps are to determine the quality
and size of the linearized plasmid, the size and purity of the
IVT mRNA, length of the poly(A) tail, and purity of the final
MRNA vaccine product.

Similarly, the Agilent TapeStation systems can size PCR-
amplified DNA templates and intermediate IVT mRNA
products. QC of the DNA template ensures appropriate
templates are used in the IVT reaction, saving time and
money. The Fragment Analyzer and TapeStation systems
can easily switch between DNA and RNA analysis, allowing

for quick and reliable quality checks, and sizing of DNA
and IVT mRNA products to help optimize the workflow and
ensure a good final product for downstream applications.

UV-Vis spectrophotometers are widely used for nucleic
acid quantification and QC using the fact that nucleic

acids have a maximum absorbance at 260 nm. As well

as determining the concentration of the mRNA sample, a
UV-Vis measurement can provide information on whether
there are any contaminants in the sample. Because UV-Vis
spectrophotometers can do this simply and robustly, they
are widely used in QC. The Agilent Cary 3500 Multicell
UV-Vis spectrophotometer is ideal for measuring small-
volume nucleic acid samples very rapidly and with very high
accuracy, as the instrument has a highly focused beam

of less than 1.5 mm width and can measure up to seven
samples with four independent Peltier blocks for accurate
temperature control if needed. Agilent Cary UV Workstation
software enables the concentration of the sample to

be reported.

High-throughput mRNA quantification and purity assessments using Agilent BioTek microplate readers

The Agilent BioTek Synergy HT multimode reader is a
modular multimode microplate reader with a variety of
detection modes available, including UV/Vis absorbance,
fluorescence, and luminescence. This system can
measure UV/Vis absorbance from 230 — 999 nm with
tunable monochromator-based optics. Measurements
for nucleic acid quantification and purity can be taken

in UV transparent microplates, as well as the Agilent
BioTek Take3 microvolume plate. The Take3 plate enables
detection and purity assessment of nucleic acids in

very small volumes (2 pL) and cuvettes. Fluorometric
measurements of nucleic acids can also be obtained

with the Synergy H1 with intercalating nucleic acid dyes.
The benefit of a microplate reader format includes
measurements at higher throughput (up to 384-well
microplates). Microplate-based formats also enable
automation of nucleic acid quantification workflows using
standard automated microplate loading platforms.
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Workflow 2: mRNA purity analysis by capillary electrophoresis or UV-Vis.

mRNA 5’ capping efficiency and 3’ Poly-A sequence workflows

MRNA 3’ poly(A) tail and 5'-capping are important for translation efficiency and the rate of mMRNA degradation.
the translation process. The percentage of successfully Therefore, the 5" capping and 3’ poly(A) sequences are
capped material, the type of capping structure, and the critical quality attributes (CQAs) that should be thoroughly
length of a poly(A) tail have all been shown to affect characterized and monitored (Figure 3).
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Figure 3. Structure of a typical human protein coding mRNA.
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Figure 4. Workflow 3: mRNA 5’ capping efficiency and 3’ Poly-A sequence workflows.
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Optimized workflows: configuration and ordering information

Workflow 1: Short nucleic acids analysis by capillary electrophoresis
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Workflow 2: mRNA purity analysis
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Workflow 3: mRNA 5’ capping efficiency and 3’ Poly-A sequence workflows
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