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At NEB®, we are motivated by a set of core, foundational values that are as true
today as they were when the company was founded in 1974.
While passion for science helps us to drive discovery, we continue to be guided
by our responsibility to each other and our community, both locally and globally,
to work towards a more just world. As such,we are committed to the same core
values and sustainability practices.
Since March 2021, NEB has become a Certified B Corporation™, a
recognition awarded to organizations with the highest standards for social
and environmental performance, transparency and accountability. B Corp™
certification goes beyond evaluating a product or service; it looks at the overall
impact of a company by evaluating how a company treats its employees, its
customers, its community and the environment.
B Corp Certification is a highly selective status. Companies must document their
positive impact to qualify and undergo verification every three years to maintain
their certification. With this certification, NEB becomes one of only a select few
life science organizations to be recognized for its commitment to environmental
stewardship and social responsibility.

“

We believe that the pursuit of science
is one path to building a greener and
more compassionate world.

”

The 2022 NEB Wall Calendar is now
available!
NEB Podcast Episode #36 Interview with
Professor Tom Ellis: Using synthetic biology to
scale Engineered Living Materials

Available at www.neb.com/NEBpodcast
be INSPIRED
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stay GENUINE
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Thank you to all of you who submitted
entries to our calendar photographic
contest and congratulations to
Inswasti Cahyani from the University
of Nottingham, whose photo of a frosty
day in Oslo features for March! The
calendar is free to request and brings
you beautiful nature images from NEB
customers around the world.
To request your copy visit
neb.uk.com/request
One or more of the NEB products in this publication are covered by patents, trademarks and/or copyrights owned or controlled by New England Biolabs, Inc. For more information, please email us at busdev@neb.com. The use of these products may require you to obtain additional third party intellectual property rights for certain applications.
Your purchase, acceptance, and/or payment of and for NEB’s products is pursuant to NEB’s Terms of Sale at www.neb.uk.com/terms-conditions. NEB does not agree to and
is not bound by any other terms or conditions, unless those terms and conditions have been expressly agreed to in writing by a duly authorized officer of NEB.
B CORPORATION™ and B CORP™ are trademarks of B Lab, Inc., GENEART® is a registered trademark of Thermo Fisher Scientific Geneart GMBH LLC, GIBSON
ASSEMBLY® is a registered trademark of Codex DNA, IN-FUSION® is a registered trademark of Takara Bio USA, Inc, ILLUMINA® and MISEQ® are registered trademarks of
Illumina, Inc., SPRISELECT® is a registered trademark of Beckman, Coulter Inc., NANODROP™ and SUPERSCRIPT™ are trademarks of Thermo Fisher Scientific., SHARPIE®
is a registered trademark of Sanford, LP.

Help us donate to charity with your
Synthetic Biology purchases
Every time you purchase from the selection of
Synthetic Biology reagents listed this winter,
NEB UK will pledge £5 to charity.

Synthetic Biology Reagents Qualifying
for Charitable Donation Pledge
PRODUCT

NEB #

This winter we are having a special focus on our Synthetic
Biology reagents, bringing you news of new product
developments and supporting technical advice. Alongside
this, every time you purchase from the listed selection of
Synthetic Biology reagents between 1st January 2022 and
31st March 2022 we will pledge £5 to charity. Find out more
about NEB's charitable donations below and learn about
our Synthetic Biology reagents for DNA assembly in this
edition of NEB UK Expressions.

NEBuilder HiFi DNA Assembly Master Mix

E2621S/L/X

NEBuilder HiFi DNA Assembly Cloning Kit

E5520S

NEBuilder HiFi DNA Assembly Bundle for Large Fragments

E2623S

NEB Golden Gate Assembly Kit (BsmBI-v2)

E1602S/L

NEB Golden Gate Assembly Kit (BsaI-HFv2)

E1601S/L

NEBridge Ligase Master Mix NEW!

M1100S

BbsI

R0539S/L

BbsI-HF®

R3539S/L/M

BsaI-HFv2

R3733S/L

*TERMS & CONDITIONS: From 1st January 2022 until 31st March 2022, for every purchase

BsmBI-v2

R0739S/L

BspQI

R0712S/L

Esp3I

R0734S/L

SapI

R0569S/L

PaqCI

R0745S/L

from the selection of Synthetic Biology reagents listed right (regardless of pack size) NEB UK will
pledge a donation of £5 to a chosen charity. Charities are chosen in line with NEB UK’s Corporate
Responsibility Policy and philanthropic focus on educational, environmental, civic and cultural
arts efforts. Valid only for purchases from NEB (UK) Ltd in the UK (and in Ireland from Brennan
& Company), from 1/1/22 - 31/3/22. No cash or cash equivalent. No substitution. Valid on new
orders. May not be applied to existing, pending or prior orders. Cannot be combined with any
other promotions. Void if copied or transferred and where prohibited by law.

For UK prices please visit www.neb.uk.com

NEB UK Corporate Donations Programme
Charitable donations pledged by NEB UK are disbursed directly to charities proposed by UK employees in line with NEB’s
Corporate Responsibility Policy. Our philanthropic focus is on educational, environmental, civic and cultural arts initiatives that
strengthen our community and improve life for its citizens and future generations. Find out more about our corporate social
responsibility and sustainability initiatives below and at www.neb.uk.com/sustainability

NEB (UK) Ltd is a corporate member of the Woodland Trust, supporting
the UK’s leading woodland conservation charity in creating, protecting
and restoring native woodland across the UK.
In addition to our membership fee we also make donations as a result of
our Shipping Box Recycling Programme. For every box that we receive
back from you, this enables us to make a donation to the Woodland Trust.
Read about the work of the Woodland Trust at www.woodlandtrust.org.uk
Women’s Justice Initiative display portraits and statements about why they work to
advance gender equality in Central America. Photo credit: © Isabel Carrió; Field Project
Manager for The Creative Action Institute.

Creative Action Institute:
New England Biolabs has played a role in the establishment
of several non-profit organisations and Foundations, including
Creative Action Institute. Creative Action Institute catalyzes
community-driven solutions that advance gender equality and
build a sustainable planet. NEB UK makes an annual donation
to Creative Action Institute. Visit CreativeActionInstitute.org to
learn more.
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FEATURE PRODUCTS
SYNTHETIC BIOLOGY

Why choose NEBuilder HiFi DNA Assembly?
NEBuilder HiFi DNA Assembly enables virtually error-free joining of DNA fragments,
even those with 5´- and 3´-end mismatches. Available with and without competent E.
coli, this flexible kit enables simple and fast seamless cloning utilizing a new proprietary
high-fidelity polymerase. Find out why NEBuilder HiFi is the next generation of DNA
assembly and cloning.
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Flexibility
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Compatible with
downstream applications
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Enjoy simple and fast seamless cloning in as
little as 15 minutes.

Use one system for both "standard-size"
cloning and larger gene assembly products,
up to 11 fragments.

DNA can be used immediately for
transformation or as template for PCR or
RCA.
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Adaptable

5

Save money

3´

dsDNA fragments with overlapping ends

Reasons to choose
NEBuilder HiFi

6

Adapts easily for multiple DNA
manipulations, including site-directed
mutagenesis.

No licensing fees from NEB for NEBuilder
products

Increased stability
Store at -20°C, with improved stability over
competition

NEBuilder HiFi Products
NEBuilder HiFi DNA Assembly Cloning Kit (E5520)

• Includes NEB 5-alpha competent cells
• NEB recommends NEB 5-alpha Competent E. coli (High 		
Efficiency, NEB #C2987) for routine assemblies of 15 kb or less

• For repetitive sequences, NEB recommends NEB Stable Competent
E. coli (NEB #C3040)
NEBuilder HiFi DNA Assembly Bundle for Large Fragments
(E2623)

Transformation
Transformation

• Includes NEB 10-beta competent cells
• NEB recommends NEB 10-beta Competent E. coli (High 		
DNA Analysis
DNA Analysis

OR OR
RE Digest
RE Digest
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OR OR

Colony
Colony
PCR PCR

Sequencing
Sequencing

Efficiency, NEB #C3019) or NEB 10-beta Electrocompetent
E. coli (NEB #C3020) for assemblies larger than 15 kb
NEBuilder HiFi DNA Assembly Master Mix (E2621)

• Does not include competent cells

FEATURED PRODUCTS

NEBuilder HiFi DNA Assembly

For more information, visit
NEBuilderHiFi.com.

reformulated for improved performance
Not your average DNA assembly reagent
NEBuilder HiFi DNA Assembly can be used for a variety of DNA assembly methods.
2-fragment assembly

6-fragment assembly

12-fragment assembly

3´- and 5´-end mismatch assembly

Site-directed mutagenesis

4-fragment assembly
15-bp overlap

25-bp overlap

High efficiency

ssOligo & dsDNA assembly

Annealed-oligo assembly
Sticky end

NEBuilder HiFi DNA Assembly offers improved
efficiency in 4-fragment assembly reactions

Multiple sites

Blunt end

NEBuilder HiFi DNA Assembly offers improved
efficiency in assembly of a ssDNA oligo with a
linearized vector

In vitro enrichment of 20 kb assembled DNA
by phi-29 DNA Polymerase
®

®
®
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4-fragment DNA assembly
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NEBuilder In-Fusion®
Snap
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Four fragments (~20 fmol) with 20 bp overlap were assembled using NEBuilder HiFi DNA Assembly Master Mix
(NEB #E2621), GeneArt® Gibson Assembly® Mix (Thermo
Fisher #A46627) and In-Fusion® Snap Assembly Master Mix
(Takara Bio USA #638947) to create a pUC19 vector. 2 μl
of each assembled mix was transformed into NEB 5-alpha
Competent E.coli (NEB#C2987) and spread on LB/Amp plates
with IPTG and X-Gal. Blue colonies that indicated correct
assembly were counted.

60 min@50ºC

600

15 min@50ºC

300

1.0

1.0

200

0.766

0.766

0.500

0.500

0.300

0.300

0.150

0.150

0.050

0.050

100
0

0

NEBuilder
HiFi

®

GeneArt
GA

®

NEBuilder
HiFi

In-Fusion
Snap

®

One pmol of ssDNA oligos were assembled with a linearized
vector (30 ng of CRISPR Nuclease Reporter DNA) using
NEBuilder HiFi DNA Assembly Master Mix (NEB #E2621),
GeneArt Gibson Assembly Mix (Thermo Fisher #A46627)
and In-Fusion Snap Assembly Mix (Takara Bio USA
#638947). 2 μl of the assembled mix was transformed into
NEB 5-alpha Competent E.coli NEB #C2987). 20 colonies
were further screened by PCR to confirm the presence of
inserts. Greater than 95% of colonies tested from NEBuilder
HiFi and GeneArt Gibson Assembly reactions contained
proper inserts, although GeneArt Gibson Assembly yielded
fewer colonies. In-Fusion Snap did not yield any successful
colonies.

®

®
GeneArt
In-Fusion In-Fusion
GA
Snap
Snap

®

RE

M Ladder
= Fast DNA Ladder
M = Fast DNA
RCADNA
= Amplified DNA
RCA = Amplified
= + EcoRI HF/SrfI
RE = + EcoRIRE
HF/SrfI

A 3-fragment assembly reaction was set up to construct
a 20 kb dsDNA. 1 μl was removed from assembled DNA
reactions respectively (NEBuilder HiFi DNA Assembly Master
Mix (NEB #E2621), GeneArt Gibson Assembly Mix (Thermo
Fisher #A46627) and In-Fusion Snap Assembly Mix (Takara
Bio USA #638947) and used as templates in rolling circle
amplification (RCA). Amplified DNA was further purified by
SPRIselect™ beads followed by restriction enzyme digestion
to confirm the insert. Red star indicates the presence of
insert when the amplified DNA was digested with EcoRI-HF
(NEB #R3101) and SrfI (NEB #R0629). Amplified DNA can be
detected from all three assembly mixes followed by phi-29
amplification protocol. However, only the amplified product
using templates from NEBuilder HiFi mix yielded a specific
DNA band corresponding to the size of insert (~12 kb) after
EcoRI-HF/SrfI digestion.

£5 charitable donation made for every purchase of the reagents listed.
See page 3 for more details. For UK prices please visit www.neb.uk.com

PRODUCT

NEB #

SIZE

NEBuilder HiFi DNA Assembly Master Mix

E2621S/L/X

10/50/250 rxns

NEBuilder HiFi DNA Assembly Cloning Kit

E5520S

10 rxns

NEBuilder HiFi DNA Assembly Bundle for Large Fragments

E2623S

20 rxns

Need help designing primers for DNA assembly?

Try NEBuilder Assembly Tool
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NEW PRODUCT

NEBridge Ligase Master Mix

Advantages:

Offering flexibility and convenience for users, NEBridge Ligase Master Mix performs high efficiency and
high-fidelity Golden Gate Assembly with a broad assortment of NEB Type IIS restriction enzymes.

•O
 ptimized for efficient and accurate
Golden Gate Assembly

NEBridge Ligase Master Mix is a 3X master mix for Golden Gate Assembly. Designed for use with NEB
Type IIS restriction enzymes, this master mix contains T4 DNA Ligase in an optimized reaction buffer with
a proprietary ligation enhancer. Users need only choose their preferred NEB Type IIS restriction enzyme
and add DNA substrates to be assembled. Low complexity single-fragment insertions, as well as moderate
complexity (3–6 fragment) and high complexity (7–25+ fragment) assemblies, are all supported with this
optimized reagent and accompanying protocols.

•U
 se with NEB Type IIS restriction enzymes

Your choice of Type IIS
restriction enzyme:

• I deal for ordered assembly of multiple
fragments (2-25+) in a single reaction
•C
 an also be used for cloning single inserts
and library construction

Plasmids or PCR-amplified DNA fragments

• BbsI-HF®
• BsaI-HFv2
• BsmBI-v2/Esp3I
• BspQI/SapI
• PaqCI®

•U
 se for seamless cloning – no scar remains
following assembly

•D
 esign primers with our free tool available
at GoldenGate.neb.com

Destination
vector

•T
 ry our free Ligase Fidelity Tools
(for the design of high-fidelity Golden
Gate Assemblies) at www.neb.com/
research/nebeta-tools

Inserts

Blue = correctly
assembled colonies

£5 charitable donation made for every
purchase of the reagents listed.
See page 3 for more details.

NEBridge™ Ligase
Master Mix

Mix, incubate
and transform

Push the limits of
Golden Gate Assembly
Golden Gate Assembly allows for the efficient and seamless assembly
of DNA fragments using activities of Type IIS restriction enzymes and
T4 DNA Ligase.
With constant advances in both the development of new enzymes and
research on maximizing enzyme functionality (e.g., ligase fidelity),
NEB is the industry leader in pushing the limits of Golden Gate
Assembly and related methods.

Advantages:

PRODUCT

NEB #

SIZE

PRICE

NEBridge Ligase
Master Mix

M1100S

50 rxns

£82.00

Golden Gate Assembly Workflow for Both Simple and Complex Assemblies

p01

p03

p05

p02

p04

+

pGGAselect

CamR
gene

p06

Can be used in complex (50+)
fragment assemblies

Single-tube reaction
• BsaI-HFv2 or BsmBI-v2
• T4 DNA Ligase

• 5 min. at 37°C (for BsaI-HFv2)
or 42°C (for BsmBI-v2)
• 5 min. at 16°C (x 30–60 cycles)
• 5 min. at 60°C

• Clone seamlessly, with no scars remaining after assembly
• P
 erform single insert cloning in just 5 minutes using our fast
protocols

Correct assembly

Incorrect assembly

Incomplete assembly

Blue colony

White colony

[No colony]

• Generate libraries with high efficiencies
• A
 ssemble multiple fragments (2-50+) in order, in a single
reaction
• E
 xperience high efficiency, even with regions of high GC content
and areas of repeats
• Use with a broad range of fragment sizes (<100 bp to >15 kb)
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In its simplest form, Golden Gate Assembly requires a Type IIS recognition site, added to both ends of a dsDNA
fragment. After digestion, these sites are left behind, with each fragment bearing the designed 3- or 4-base
overhangs that direct the assembly.

FEATURED PRODUCTS

Push the limits of
Golden Gate Assembly

Type IIS Restriction Enzymes used in Golden Gate Assembly
Type IIS restriction enzymes recognize asymmetric DNA sequences and cleave outside of their recognition sequence. Type IIS
enzymes commonly used in Golden Gate Assembly are listed below. NEB currently offers over 45 Type IIS restriction enzymes.

What users are saying:

£5 charitable donation made for every
purchase of the reagents listed.
See page 3 for more details.

PRODUCT

NEB #

SEQUENCE

SIZE

BbsI

R0539S/L

GAAGAC(2/6)

BbsI-HF

R3539S/L/M

GAAGAC(2/6)

300/1,500 units

BsaI-HFv2

R3733S/L

GGTCTC(1/5)

1,000/5,000 units

BsmBI-v2

R0739S/L

CGTCTC(1/5)

200/1,000 units

BspQI

R0712S/L

GCTCTTC(1/4)

500/2,500 units

Esp3I

R0734S/L

CGTCTC(1/5)

300/1,500 units

PaqCI

R0745S/L

CACCTGC(4/8)

200 units/1,000 units

SapI

R0569S/L

GCTCTTC(1/4)

250/1,250 units

300/1,500 units

NEB has developed a reliable set of enzymes and
design tools for Golden Gate Assembly that we use
regularly with success. We have found the Ligase
Fidelity Viewer particularly useful for screening
overhang sets that are constrained by a pre-existing
protein/DNA sequence. The thorough experimental
basis of the tool and the availability of the
underlying data are added bonuses.
– Dr. Glenna Foight,
Senior Scientist, Lyell Immunopharma

NEB Golden Gate Assembly Kits (BsmBI-v2 or BsaI-HFv2)
The absence of internal sites in a sequence determines the choice of which Type IIS restriction enzyme to drive the assembly.
For your convenience, NEB now offers two kits for Golden Gate Assembly featuring BsaI-HFv2 or BsmBI-v2. Both kits
incorporate digestion followed by ligation with T4 DNA Ligase into a single reaction, and can be used to assemble 2-50+
fragments in a single step.
Complex Golden Gate Assembly with > 95% Fidelity and Unprecedented Efficiency

1,200

65 cycles

Number of Colonies

1,000

Efficiency of
24-fragment assembly

100
90

1,100

Fidelity of
24-fragment assembly
96%

80

60

£5 charitable donation made for every
purchase of the reagents listed.

50

See page 3 for more details.

70

800

Percent (%)

Successful assemblies
Unsuccessful assemblies

600
400

40
30
20

200

10
0

Successful Unsuccessful
assemblies assemblies

0

Successful Unsuccessful
assemblies assemblies

Using NEB Golden Gate Assembly Kit (BsmBI-v2), twenty-four fragment assemblies of a LacI/LacZ cassette were performed
using the recommended cycling protocol for 11-20+ fragments, with an extension to 65 cycles. Positive colonies will appear
blue on b-Gal Blue/white selection plates. Plating 1/10 of the outgrowth from transforming 2 µl of the 25 µl assembly reaction
resulted in 1,100 colonies with a 96% fidelity level, equivalent to 137,500 colonies per assembly reaction. This performance
illustrates the stability of the enzyme mix that allows the option of cycling beyond the standard 30 cycle level if maximal assembly performance is desired.

PRODUCT

NEB #

SIZE

NEB Golden Gate
Assembly Kit (BsmBI-v2)

E1602S

20 rxns

E1602L

100 rxns

NEB Golden Gate
Assembly Kit (BsaI-HFv2)

E1601S

20 rxns

E1601L

100 rxns

For UK prices please visit www.neb.uk.com
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FEATURE ARTICLE

Minding your caps and tails –
considerations for functional mRNA synthesis

To view the full article, visit www.neb.com/
minding-your-caps-and-tails.

by Breton Hornblower, Ph.D., G. Brett Robb, Ph.D. and George Tzertzinis, Ph.D., New England Biolabs, Inc.

Applications of synthetic mRNA have grown and become considerably diversified in recent years. Examples include the generation of pluripotent stem cells (1-3), vaccines and
therapeutics (4-6), and CRISPR/Cas9 genome editing applications (7-9). The basic requirements for a functional mRNA – a 7-methylguanylate cap at the 5´ end and a poly(A)
tail at the 3´ end – must be added in order to obtain efficient translation in eukaryotic cells. Additional considerations can include the incorporation of internal modified bases,
modified cap structures and polyadenylation strategies. Strategies for in vitro synthesis of mRNA vary according to the desired scale of synthesis.
A nascent mRNA, synthesized in the nucleus,
undergoes modifications before it can be translated
into proteins in the cytoplasm. For a mRNA to be
functional, it requires modified 5´ and 3´ ends and
a coding region (i.e., an open reading frame (ORF)
encoding the protein of interest) flanked by the
untranslated regions (UTRs). The nascent mRNA
(pre-mRNA) undergoes two significant modifications
in addition to splicing. During synthesis, a 7-methylguanylate structure, also known as a “cap”, is
added to the 5´ end of the pre-mRNA, via 5´ → 5´
triphosphate linkage. This cap protects the mature
mRNA from degradation, and also serves a role in
nuclear export and efficient translation.
The second modification occurs post-transcriptionally at the 3´ end of the nascent RNA molecule, and
is characterized by addition of approximately 200
adenylate nucleotides (poly(A) tail). The addition of
the poly(A) tail confers stability to the mRNA, aids
in the export of the mRNA to the cytosol, and is
involved in the formation of a translation-competent
ribonucleoprotein (RNP), together with the 5´ cap
structure. The mature mRNA forms a circular structure (closed-loop) by bridging the cap to the poly(A)
tail via the cap-binding protein eIF4E (eukaryotic
initiation factor 4E) and the poly(A)-binding protein,
both of which interact with eIF4G (eukaryotic initiation factor 4G) (10).
RNA can be efficiently synthesized in vitro (by
in vitro transcription, IVT) with prokaryotic phage
polymerases, such as T7, T3 and SP6. The cap and
poly(A) tail structures characteristic of mature mRNA
can be added during or after the synthesis by enzymatic reactions with capping enzymes and Poly(A)
Polymerase (NEB #M0276), respectively.
There are several factors to consider when planning
for IVT-mRNA synthesis that will influence the
ease-of-experimental setup and yield of the final
mRNA product.
In vitro transcription
There are two options for the in vitro transcription
(IVT) reaction depending on the capping strategy
chosen: standard synthesis with enzyme-based
capping following the transcription reaction (posttranscriptional capping) or incorporation of a cap
analog during transcription (co-transcriptional capping) (Figure 1). Method selection will depend on
the scale of mRNA synthesis required and number of
templates to be transcribed.
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Transcription for enzyme-based capping
(post-transcriptional capping)

Transcription with CleanCap® Reagent AG
co-transcriptional capping

Standard RNA synthesis reactions produce the highest yield of RNA transcript (typically ≥100 μg per
20 μl in a 1 hr reaction using the HiScribe™ Quick
T7 High Yield RNA Synthesis Kit, NEB #E2050S).
Transcription reactions are highly scalable.

The use of CleanCap reagent AG results in significant advantages over traditional dinucleotide
co-transcriptional capping. CleanCap Reagent AG is
a trinucleotide with a 5´-m7G joined by a 5´ → 5´
triphosphate linkage to an AG sequence . The adenine has a methyl group on the 2´-O position. The
incorporation of this trinucleotide in the beginning
of a transcript results in a Cap-1 structure.

Following transcription, the RNA is treated with
DNase I (NEB #M0303) to remove the DNA template, and purified using an appropriate column, kit
or magnetic beads, prior to capping. This method
produces high yields of RNA with 5´-triphosphate
termini that must be converted to cap structures.
In the absence of template-encoded poly(A) tails,
transcripts produced using this method bear 3´ termini that also must be polyadenylated in a separate
enzymatic step, as described below in “Post-transcriptional capping and Cap-1 methylation”.
Transcription with dinucleotide
co-transcriptional capping
In co-transcriptional capping, a cap analog is introduced into the transcription reaction, along with the
four standard nucleotide triphosphates, in an optimized ratio of cap analog to GTP 4:1. This allows
initiation of the transcript with the cap structure in a
large proportion of the synthesized RNA molecules.
This approach produces a mixture of transcripts, of
which ~80% are capped, and the remainder have
5´-triphosphate ends. Decreased overall yield of
RNA products results from the lower concentration
of GTP in the reaction.
There are several cap analogs used in cotranscriptional RNA capping (3). The most common
are the standard 7-methyl guanosine (m7G) cap
analog and anti-reverse cap analog (ARCA), also
known as 3´ O-me 7-meGpppG cap analog.
ARCA is methylated at the 3´ position of the m7G,
preventing RNA elongation by phosphodiester
bond formation at this position. Thus, transcripts
synthesized using ARCA contain 5´-m7G cap
structures in the correct orientation, with the
7-methylated G as the terminal residue. In contrast,
the m7G cap analog can be incorporated in either
the correct or the reverse orientation.
HiScribe T7 ARCA mRNA Synthesis kits (NEB
#E2060 and #E2065) contain reagents, including
an optimized mix of ARCA and NTPs, for streamlined reaction setup for synthesis of co-transcriptionally capped RNAs.

In order to use CleanCap Reagent AG in an in vitro
transcription reaction the template must contain an
AG in place of a GG following the T7 promoter in
the initiation sequence.
Unlike traditional co-transcriptional capping,
reduction of GTP concentration is not required and
therefore yield is higher and high capping effiencies,
>95%, are achieved.
Transcription with complete substitution with
modified nucleotides
RNA synthesis can be carried out with a mixture of
modified nucleotides in place of the regular mixture
of A, G, C and U triphosphates. For expression
applications, the modified nucleotides of choice are
the naturally occurring 5´-methylcytidine and/or
pseudouridine in the place of C and U, respectively.
These have been demonstrated to confer desirable
properties to the mRNA, such as increased mRNA
stability, increased translation, and reduced immune
response in the key applications of protein replacement and stem-cell differentiation (1). It is important
to note that nucleotide choice can influence the
overall yield of mRNA synthesis reactions.
Fully substituted RNA synthesis can be achieved using the HiScribe T7 mRNA Kit with CleanCap Reagent AG (NEB #E2080), HiScribe T7 High-Yield
RNA Synthesis Kit (NEB #E2040) or HiScribe SP6
RNA Synthesis Kit (NEB #E2070) in conjunction
with NTPs with the desired modification. Transcripts made with complete replacement of one
or more nucleotides may be post-transcriptionally
capped (see next section), or may be co-transcriptionally capped by including CleanCap Reagent
AG, ARCA or another cap analog, as described
previously.
If partial replacement of nucleotides is desired, the
HiScribe T7 ARCA mRNA Synthesis Kits (NEB
#E2060 and #E2065), may be used with added
modified NTPs, to produce co-transcriptionally

capped mRNAs, as described above. Alternatively, the
HiScribe T7 Quick RNA Synthesis Kit (NEB #E2050)
may be used to prepare transcripts for post-transcriptional
capping.

Figure 1: In vitro transcription options based upon capping strategy
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The poly(A) tail confers stability to the mRNA and
enhances translation efficiency. The poly(A) tail can be
encoded in the DNA template by using an appropriately
tailed PCR primer, or it can be added to the RNA by
enzymatic treatment with E. coli Poly(A) Polymerase (NEB
#M0276). The length of the added tail can be adjusted
by titrating the Poly(A) Polymerase in the reaction.
For mRNA synthesis from templates with encoded poly(A)
tails, the HiScribe T7 ARCA mRNA Synthesis Kit (NEB
#E2065) provides an optimized formulation for cotranscriptionally capped transcripts.
In summary, when choosing the right workflow for your
functional mRNA synthesis needs, you must balance your
experimental requirements for the mRNA (e.g., internal
modifed nucleotides) with scalability (i.e., ease-of-reaction
setup vs. yield of final product).

Uncapped RNA transcript
SAM

Post-transcriptional capping is often performed using the
mRNA capping system from Vaccinia virus. This enzyme
complex converts the 5´-triphosphate ends of in vitro
transcripts to m7G-cap (Cap-0) required for efficient
protein translation in eukaryotes. The Vaccinia Capping
System (NEB #M2080) comprises three enzymatic
activities (RNA triphosphatase, guanylyltransferase,
guanine N7-methyltransferase) that are necessary for the
formation of the complete Cap-0 structure, m7Gppp5´N,
using GTP and the methyl donor S-adenosylmethionine
(SAM). As an added option, the inclusion of the mRNA
Cap 2´ O-Methyltransferase (NEB #M0366) in the
same reaction results in formation of the Cap-1 structure
(m7Gppp5´Nm), a natural modification in many eukaryotic mRNAs responsible for evading cellular innate immune response against foreign RNA. This enzyme-based
capping approach results in a high proportion of capped
message, and it is easily scalable. The resulting capped
RNA can be further modified by poly(A) addition before
final purification.
A-tailing using E. coli Poly(A) Polymerase

AG

5´

RNA polymerase
promoter

Post-transcriptional capping and
Cap-1 methylation

3´

Cap-1 mRNA

Enzyme-based capping (top) is performed after in vitro transcription using 5´-triphosphate RNA, GTP, and S-adenosyl- methionine (SAM). Cap-0 mRNA can be converted to Cap-1 mRNA using mRNA cap 2´-O-methyltransferase (MTase) and
SAM in a subsequent or concurrent reaction. The methyl group transferred by the MTase to the 2´-O of the first nucleotide
of the transcript is indicated in red. Conversion of ~100% of 5´-triphosphorylated transcripts to capped mRNA is routinely
achievable using enzyme-based capping.
Co-transcriptional capping (bottom) uses an mRNA cap analog, shown in yellow, in the transcription reaction. For ARCA
(anti-reverse cap analog) (left),the cap analog is incorporated as the first nucleotide of the transcript. ARCA contains an
additional 3´-O-methyl group on the 7-methylguanosine to ensure incorporation in the correct orientation. The 3´-O-methyl
modification does not occur in natural mRNA caps. Compared to reactions not containing cap analog, transcription yields are
lower. ARCA- capped mRNA can be converted to cap 1 mRNA using mRNA cap 2´-O-MTase and SAM in a subsequent
reaction. CleanCap Reagent AG (right) uses a trinucleotide cap analog that requires a modified template initiation sequence. A
natural Cap-1 structure is accomplished in a co-transcriptional reaction.

Products from NEB are available for each step of the RNA
synthesis workflow. GMP-grade* reagents suitable for the
large scale manufacture of therapeutics mRNA are available through our Customized Solutions Group.
References:
1. Warren, L., et al. (2010) Cell Stem Cell, 7, 618-630.
2. Angel, M. and Yanik, M.F. (2010) PLoS One, 5:e11756.
3. 	 Yakubov, E., et al. (2010) Biochem. Biophys. Res. Commun. 394, 189.
4. 	 Haas, E.J., et al. (2021) Lancet, 397, 1819-1829.
5. Thompson, M.G., et al. (2021) N. Engl. J. Med. 384, 403-416.
6. 	Ramaswamy, S., et al. (2017) Proc. Natl. Acad. Sci. USA, 114,
E1941-E1950.
7. 	 Ma, Y., et al. (2014) PLoS One, 9:e89413.
8. Ota, S., et al. (2014) Genes Cells, 19, 555-564.
9. Bassett, A. R., et al. (2013) Cell Rep. 4, 220–228.
10. Wells, S.E., et al. (1998) Molecular Cell 2, 135–140.

"GMP-grade" is a branding term NEB uses to describe reagents manufactured at NEB’s Rowley facility. The Rowley facility was designed to manufacture reagents under more rigorous infrastructure and process controls to achieve more stringent product specifications
and customer requirements. Reagents manufactured at NEB’s Rowley facility are manufactured in compliance with ISO 9001 and ISO 13485 quality management system standards. However, at this time, NEB does not manufacture or sell products known as Active
Pharmaceutical Ingredients (APIs), nor does NEB manufacture its products in compliance with all of the Current Good Manufacturing Practice regulations.
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RNA SYNTHESIS
NEW PRODUCTS

You heard the message.
NEB has everything you need for your RNA-related workflows.
Featured Application

Visit NEBrna.com to:

RNA Synthesis

• View NEB products being used in
RNA-related workflows

For almost 50 years, NEB has been a world leader in the discovery and production of reagents for the
life science industry. New England Biolabs’ enzymology expertise allows us to supply reagents for the
synthesis of high-quality RNA – from template generation and transcription, to capping, tailing, and
cleanup after synthesis. These products are designed and manufactured by building upon decades of
molecular biology experience, so that you can be confident they will work for your application.

 enerate high yields of high quality mRNA with our HiScribe™ in vitro transcription kits
•G

• Find extensive technical resources, including
brochures, technical notes and usage guides
• Sign up for the RNA email Newsletter and
receive a free "RNase-free Zone" sticker
pack.

• Try our Vaccinia Capping System for efficient enzymatic capping of mRNA
• Synthesize mRNA for therapeutics and vaccines using our GMP-grade* IVT reagent portfolio
 apidly synthesize guide RNAs for CRISPR/Cas9 experiments with our EnGen® sgRNA Synthesis Kit,
•R
S. pyogenes (NEB #3322)

Need to clean up your synthesized RNA?
Check out our Monarch RNA cleanup kits at

www.neb.com/rna-cleanup

New Product

HiScribe T7 mRNA Kit with
CleanCap Reagent AG

Advantages:

The HiScribe T7 mRNA Kit with CleanCap Reagent AG utilizes an optimized RNA synthesis formulation
and trinucleotide cap analog technology to co-transcriptionally cap mRNAs containing a natural Cap-1
structure in a single simplified reaction without compromising RNA yield. Using a DNA template with a
T7 promoter sequence followed by an AG initiation sequence and an encoded poly(A) tail, mRNAs can be
transcribed with a 5´-m7G Cap-1 structure that is polyadenylated, translationally competent and able to
evade the cellular innate immune response.

•E
 vade immune response with natural
Cap-1 structure

• S ynthesize and cap mRNA in a
single reaction

Comparison of RNA Yields from in vitro Reagent AG Transcription Reactions with no cap analog,
ARCA, or CleanCap Reagent AG
All reactions were performed with 5 mM CTP, 5 mM UTP
and 6 mM ATP. Standard IVT reactions included 5 mM
GTP and no cap analog. ARCA reactions contained a
4:1 ratio of ARCA:GTP (4mM:1mM). IVT with CleanCap
Reagent AG contained 5 mM GTP and 4 mM CleanCap
Reagent AG and was performed as described (Standard
mRNA Synthesis, HiScribe T7 mRNA Kit with CleanCap
Reagent AG). Reactions were incubated for 2 hours at
37°C, purified and quantified by NanoDrop™.
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 enerate high yields of mRNA, up to
> 1.8 mg per kit
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Applications:
• Transfections
• Microinjections
• In vitro translation
•P
 reclinical mRNA therapeutic studies
•R
 NA structure and function analysis

40
20
0

10

Ordering Information
Standard
IVT

IVT with
ARCA

IVT with
CleanCap®
Reagent AG

PRODUCT

NEB #

SIZE

PRICE

HiScribe T7 mRNA Kit with CleanCap Reagent AG

E2080S

20 rxns

£543.00

NEW PRODUCT

LunaScript Multiplex One-Step RT-PCR Kit

Lighting the way.
The LunaScript Multiplex One-Step RT-PCR Kit offers a streamlined protocol for cDNA synthesis and PCR
amplification in a single reaction. The 5X reaction mix contains dNTPs and is optimized for robust multiple
target detection in a simple workflow. The 25X enzyme mix features Luna WarmStart® Reverse Transcriptase
and Q5® Hot Start High-Fidelity DNA Polymerase.
One-Step RT-PCR

LunaScript Multiplex One-Step RT-PCR Kit
®

RNA

®

Enzyme Mix

• Multiplexing capacity supports use in
ARTIC workflows

• dNTPs/
Mg/Buffer

®

• Aptamer-based enzyme control for room
temperature setup and stability up to
24 hours

Reaction Mix

Target detection
& identification
NGS library construction
& sequencing

Gel
electrophoresis

Capillary
electrophoresis

DNA array

• Closed-tube system with cDNA
synthesis and PCR amplification in a
single protocol
• Detect as low as 0.01 pg of human total
RNA

Primer

• Luna WarmStart RT
• RNase inhibitor
®
• Q5 Hot Start
DNA Polymerase

Advantages:

Cloning &
sequencing

The LunaScript Multiplex One-Step RT-PCR Kit requires only RNA template and gene-specific primers to enable multiplex cDNA
target synthesis and amplification in a single reaction. Amplified cDNA products can be detected or identified by downstream
applications including next-generation sequencing, DNA arrays, fragment analysis, electrophoresis and traditional cloning/
sequencing workflows.

Superior multiplexing and sensitivity with the LunaScript Multiplex One-Step RT-PCR Kit
NEB®
Total primer conc.
Annealing time
M

SuperScript™ IV

1 µM
1 min.
1

2

3

1 µM
10 sec.
4

1

2

3

7 µM
10 sec.

1 min.
4

1

2

3

4

1

2

3

1 min.
4

1

2

3

4

M

bp
776
630
566
476
355
312
185
1: 100 ng
2: 10 ng
3: 1 ng
4: 0.1 ng

Human spleen total RNA was used to amplify 7 targets ranging from 185–776 bp using
the LunaScript Multiplex One-Step RT-PCR Kit (NEB #E1555) or the SuperScript™ IV
One-Step RT-PCR System (Thermo Fisher Scientific). 40% of each RT-PCR experiment was
loaded onto a 2% agarose gel. For LunaScript reactions, the standard protocol of 1 μM
final primer concentration and a 1 min annealing step was used. For the SSIV reactions,
the recommended conditions failed to amplify all bands. Additional conditions were tested,
varying key parameters of primer concentration and annealing time. Whereas the LunaScript
Multiplex One-Step RT-PCR Kit successfully amplified all 7 targets from a variety of RNA
inputs, no conditions were identified that enabled the SuperScript IV One-Step RT-PCR
System to amplify the full spectrum of targets, even at high input.

Primer
(Recommended
protocol)

(Recommended
protocol)

The LunaScript Multiplex One-Step RT-PCR Kit enables simple ARTIC SARS-CoV-2 sequencing workflows
Amplicons were generated from 1000 copies of SARS-CoV-2 viral gRNA (ATCC VR-1986) in 100 ng of
Universal Human Reference RNA (Thermo Fisher Scientific®, QS0639) using LunaScript Multiplex One-Step
RT-PCR Kit with ARTIC V3 primers from either NEB (A) or IDT (B). cDNA synthesis was conducted in
duplicate 12.5 μl reactions using the following cycling conditions: 20 min at 55°C (reverse transcription),
1 min at 98°C (RT inactivation/initial denaturation), followed by 35 cycles of 15 secs at 95°C and 5 mins at
63°C (annealing and extension).
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Libraries were directly constructed from 1.3 μl of each sample of pooled amplicons using the NEBNext®
ARTIC SARS-CoV-2 FS Library Prep Kit (Illumina®) and sequenced on a MiSeq® instrument (2 x 250 bp).
Sequencing reads per amplicon were plotted for each library. Reads were downsampled with seqtk (2 x 0.25
million) and aligned to SARS-CoV-2 reference genome (NCBI, NC_045512) with Bowtie 2. Reference line
indicates typical quality threshold of 100 reads.
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PRODUCT
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SIZE

PRICE

LunaScript Multiplex One-Step RT-PCR Kit

E1555S
E1555L

50 rxns
250 rxns

£207.00
£805.00
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Request your pack at:
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