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Abstract
Advances in messenger RNA (mRNA) technology have recently led to a wide range of potential uses for treating and preventing diseases. As novel mRNA therapies are starting to enter clinical stages
of development, Aldevron is providing critical support in a number of ways with specialized products and services. For example, Aldevron manufactures the recombinant enzymes needed for mRNA
synthesis by in vitro transcription, post-transcriptional capping and post-transcriptional tailing. These are offered individually or in kits for research use and can be provided on a custom basis for use
in cGMP manufacturing. Aldevron also provides pDNA template and mRNA manufacturing services using materials and processes that are scalable over the entire range of quality grades ensuring a
seamless transition from research through clinical stages of development.

Aldevron’s IVT enzyme products are manufactured using processes
that are strictly free of beta lactams and animal-derived components.
We can also custom manufacture to satisfy your specific requirements
from research grade through GMP or to produce your engineered
enzyme sequences.
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In vitro Transcription with Enzymatic Capping & Tailing
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Your mRNA

DELIVERABLES

Linear Plasmid DNA
Aldevron custom manufactures linear plasmid DNA for templateguided synthesis of mRNA by in vitro transcription as well as other
end applications. Production scales range from milligram to multigram
batch sizes.
We offer flexible starting points ranging from gene sequence to plasmid
DNA template. Key steps in our process involve preparation of highquality supercoiled plasmid DNA using RNase-free purification
methods, linearization and final linear plasmid DNA deliverable
purification using robust, scalable methods for research through
clinical applications. The linearized template can be used by Aldevron
to custom manufacture your mRNA or alternatively delivered with QC
test results ready for your use.

In vitro Transcription with Enzymatic Tailing
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In vitro Transcription
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Custom mRNA transcripts are produced using plasmid DNA templates
provided by clients or generated by Aldevron. RNA is synthesized by
in vitro transcription using T7 or SP6 polymerase with the option to
add a 3’ poly(A) tail in lengths of 150 bases and longer using poly(A)
polymerase. Clients also have the option of co-transcriptional endcap modification with synthetic cap analogs such as ARCA and
m7G. Enzymes, unreacted substrates, and reaction byproducts are
removed following synthesis using Aldevron’s proprietary column
chromatography process. The purified mRNA can be enzymatically
capped at this stage with a 5’ Cap1 structure if this option is preferred
over the co-transcriptional capping method. Enzymatic capping is
highly efficient, resulting in >98% capping with proper cap orientation.
A second column-chromatography purification follows enzymatic
capping. Purified mRNA is buffer exchanged, prepared for shipping
and QC tested. For scale-up manufacturing under GMP-SourceTM and
GMP grades, Aldevron offers process development and customized
QC testing to satisfy your specific requirements.
GFP mRNA made in Aldevron’s process
• Enzymatic poly(A) tailing
• Enzymatic capping (Cap 1)
• Purity >98%
• Residual Protein <0.25%
• Residual pDNA <0.1%
• Double Stranded RNA <0.02%

In vitro Transcription Enzymes
Aldevron manufactures and stocks a complete inventory of enzymes
required for mRNA synthesis by in vitro transcription (IVT): T7
RNA polymerase, pyrophosphatase, RNase inhibitor, DNase I,
guanylyltransferase, 2’-O-methyltransferase and poly(A) polymerase.
Our IVT enzymes are available in milligram to multigram quantities to
support synthetic mRNA production for a wide range of applications.
We can also custom manufacture IVT enzymes according to your
construct designs or need for a higher quality standard to satisfy the
most demanding clinical mRNA production requirements.
mRNA
Starting with a plasmid DNA template you provide, or with gene
synthesis and template construction by Aldevron, we produce highquality messenger RNA by in vitro transcription for a wide range of
uses from basic research to clinical applications in immunotherapy,
infectious disease vaccines and genome engineering. Our standard
process delivers high-quality material for research use and we provide
scale-up process development and custom manufacturing to meet your
specific requirements for clinical use. Production at any scale offers
flexible options for end cap, tailing method and modified RNA bases.

Synthetic mRNA capping was determined
by an LC-MS method using RNase H and
a sequence-specific probe to generate
a defined 5’ fragment for analysis. The
uncapped and Cap1 fragment masses
were 6456.8 (panel A) and 6750.0 (panel
C). Description of GFP expression tests for
uncapped mRNA (panel B) & capped mRNA
(panel D)

Quality Control

Aldevron performs ongoing stability testing on our inventory IVT
enzyme products. We also offer multiple long-term storage and stability
study options for your custom IVT enzyme products.
Included in Research Grade Service
Method

Specification

ABS 260/280 Purity Ratio

UV Spectrophotometry

1.90-2.50

Appearance

Visual Inspection

Clear and Colorless

Synthetic mRNA process development

Concentration

UV Spectrophotometry

Report Only

Aldevron can tailor the production process to your construct to

Endotoxin

Kinetic Turbidimetric LAL

<100EU/mg, semi-quant

ensure the highest yield and lowest level of critical contaminants.
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T7 RNA Polymerase

Inorganic Pyrophosphatase
Hydrolyzes inorganic pyrophosphate (PPi) to form
orthophosphate (Pi). Activity was measured by malachite green
assay with PPi as substrate in presence of reductant. One unit
(U) is the amount of enzyme activity that generates 1 nmol of Pi
from PPi in 1 minute at 37°C.

600
500
400
300
200
100
0

Inorganic PPase

Ribonuclease Inhibitor
An inhibitor of RNase A and its homologs. Activity was measured
using the RNaseAlert® substrate (Ambion®). One unit (U) of
ribonuclease inhibitor reduces the activity of 0.2 ng of RNase A
by 50%.
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Ribonuclease Inhibitor

DNase I
Nonspecifically cleaves DNA producing di-, tri- and
oligonucleotide products. Activity was measured at 37°C
using the DNaseAlertTM substrate (Ambion®). One unit (U)
is the amount of enzyme activity that cleaves 1 pmol of an
oligonucleotide substrate in 1 minute at 37°C.
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Bioburden

Direct Inoculation

No growth after 48 hours

Dispensing
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Reactions 1 & 2: Conversion of an RNA substrate
pppN(pN)n to GpppN(pN)n with increasing amounts of
enzyme was visualized by gel electrophoresis (uncapped,
lower band; capped, upper band). One unit (U) is the
amount of enzyme activity that caps 50% of a 5’-ppp oligo
in 30 minutes at 37°C.
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Reaction 3: Methyl transfer from SAM to GpppN(pN)n
producing SAH and Cap 0 mRNA was measured using
the EPIgeneousTM Methyltransferase Assay (Cisbio). One
unit (U) is the amount of enzyme activity that produces 1
pmol of SAH from SAM in 30 minutes at 37°C using Cap 0
substrate.

600
500
400
300
200
100
0

2’-O-Methyltransferase
Converts Cap 0 to Cap 1 by adding a methyl group to the
ribose 2’-OH of the first nucleotide adjacent to the cap
structure. Activity was measured using the EPIgeneousTM
Methyltransferase Assay (Cisbio).
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2’-O-Methyltransferase

Poly(A) Polymerase
Catalyzes template-independent, 3’ polyadenylation of mRNA.
Activity was determined using denaturing gel electrophoresis
to follow enzymatic poly(A) tail addition to an RNA oligo
substrate at 0, 5, 10, 20 and 40 minutes.
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Results and Discussion
Aldevron’s products and services supporting the development of
mRNA therapies and vaccines are offered in progressive quality tiers
from research grade to cGMP allowing for an efficient and seamless
transition through all stages of development.
Our clients success is important to us, and our mRNA process
development and manufacturing is complemented by decades of
experience in plasmid DNA and enzyme development.
Features of our service include:
Multiple IVT configurations

Single source for critical reagents

Scaling and lot-to-lot consistency
Well-characterized mRNA synthesis
and purification processes
Multiple complementary services
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Standard and custom QC assay

Available Upon Request

Lane 3: Optimized conditions
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A comprehensive quality control assay panel is performed on all
Aldevron inventory IVT enzymes with additional custom options
available per your individual project requirements.

Assay
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Kits have a targeted production of 50 milligrams of mRNA. Results may vary depending
on construct or other conditions.

pDNA prep and
linearization

T7 RNA Polymerase
Catalyzes the formation of RNA from a DNA sequence under
the T7 promoter. Activity was measured using a broken beacon
assay with pre-hybridized fluorescent and quenching probes.
One unit (U) is the amount of enzyme activity that generates 1
pmol of RNA transcript.
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Your plasmid
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In Q1 2019, Aldevron began offering IVT enzyme kits that are sized to
produce approximately 50 mg of mRNA with or without an enzymatically
added 5’ Cap1 and with or without poly(A) tail addition by poly(A)
polymerase.
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Our IVT enzyme inventory is packaged in standard sizes that readily
accommodate small-scale mRNA production. Aldevron can also deliver
custom bulk sizes to support your larger-scale mRNA manufacturing
needs.

Relative Activity Versus Competitor
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As a relatively new therapeutic modality attracting significant interest,
mRNA offers advantages: It can instruct the ribosome to make almost
any protein, it functions without entering the cell nucleus, and it
degrades without leaving behind unwanted or harmful genetic traces. In
early studies, however, low efficacy and undesirable side effects were
stumbling blocks. Recent RNA technology advances have addressed
these limitations, which has led to surging interest in the use of mRNA as
a therapy or vaccine, and surging demand for specialized products and
services. As an established manufacturer of plasmid DNA templates
for mRNA synthesis by in vitro transcription, Aldevron has responded
by expanding our offerings to include enzymes for mRNA synthesis in
a range of configurations as well as custom manufacturing services to
support research through clinical stages of development.  The ability
to offer such a range of specialized products and services for mRNA
production provides several benefits including reduced supply-chain
risks, shorter lead times and increased quality. The production of mRNA
by Aldevron can begin with an electronic DNA template sequence
or supercoiled plasmid DNA provided by the client, and options are
offered for capping, tailing and chemical modification to satisfy a wide
range of application requirements. A robust and scalable process is
established through rigorous development work to meet current and
future program needs through progressive quality tiers from research
to cGMP.
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