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NEW! NEBNext ARTIC Kits
for SARS-CoV-2 sequencing
NEBNext ARTIC kits meet the increasing
need for reliable, accurate and fast methods for
sequencing SARS-CoV-2, with Oxford Nanopore
®
®
Technologies or Illumina sequencing.

• I mproved uniformity of SARS-CoV-2
genome coverage

•E
 ffective with a wide range of viral
The kits use the ARTIC multiplexed amplicongenome inputs (10–10,000 copies)
based whole-viral-genome sequencing approach
• S ingle RT conditions for all input
and were developed in collaboration with the
amounts
ARTIC Network. The kits include balanced V3
primer pools for improved uniformity of genome
•N
 o amplicon normalization prior
coverage and are effective with 10-10,000 SARSto library preparation (IlluminaCoV-2 genome copies. The reagents and protocols
compatible kits)
for RT-PCR and library prep are all optimized
•N
 EBNext Sample Purification Beads
specifically for the SARS-CoV-2 ARTIC
(SPRIselect®) provided
workflows.
• Optional use of human control
The two kits compatible with Illumina sequencing
primers
generate library inserts of ~150 bp (for 2 x 75
sequencing) or ~400 bp (for 2 x 250 sequencing), • Library adaptors and primers available
separately (Illumina-compatible kits)
and include a novel DNA polymerase formulation
that eliminates the need to normalize amplicon
• Cost-effective
concentrations prior to library preparation.

10 Application Note: A faster workflow
for the assessment of genomic loci in
mice using a novel HMW DNA extraction
technology upstream of Cas9 targeted
sequencing.

watch at www.neb.com/nebtv

Features

NEBNEXT® ARTIC KIT OPTIONS
cDNA synthesis

Targeted amplification

ILLUMINA®
SEQUENCING

OXFORD NANOPORE®
SEQUENCING

Ultra™ II DNA

Ultra II FS

ONT Companion Kit

~400 bp library
PE: 2 X 250 bp

~150 bp library
PE: 2 X 75 bp

~400 bp library
2 – 24 hr run

NEB #E7650

NEB #E7658

NEB #E7660

Ordering Information
COVID-19 Researcher Spotlight Series: NEB senior scientist
Bijoyita Roy explains how NEB is helping improve mRNA
vaccine development and production.

be INSPIRED
drive DISCOVERY
stay GENUINE
New England Biolabs (UK) Ltd
Tel: 0800 318486 | Email: info.uk@neb.com | www.neb.uk.com
Cover photo: By Anna Om/Shutterstock.com
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PRODUCT

NEB #

SIZE

PRICE

NEBNext ARTIC SARS-CoV-2 Library Prep Kit (Illumina)

E7650S/L

24/96 reactions

£354/£1,413

NEBNext ARTIC SARS-CoV-2 FS Library Prep Kit (Illumina)

E7658S/L

24/96 reactions

£376/£1,501

NEBNext ARTIC SARS-CoV-2 Companion Kit (Oxford Nanopore
Technologies)

E7660S/L

24/96 reactions

£177/£707

For more details, visit www.neb.com/ARTIC
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 gbd@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.
ILLUMINA® is a registered trademark of Illumina, Inc. OXFORD NANOPORE TECHNOLOGIES® is a registered trademark of Oxford Nanopore Technologies. SPRISELECT® is a registered
trademark of Beckman Coulter, Inc.

www.neb.com/COVID19

NEW! Luna SARS-CoV-2 RT-qPCR
Multiplex Assay Kit
The Luna SARS-CoV-2 RT-qPCR Multiplex Assay Kit is a research use only (RUO) kit optimized for real-time qualitative detection
of SARS-CoV-2 nucleic acid using hydrolysis probes.
The kit features a primer/probe mix specific to two regions of the SARS-CoV-2 virus N gene (based on sequences provided by
the Centers for Disease Control and Prevention (CDC)). The probes have been modified to contain different fluorophores (N1:
HEX; N2: FAM) to enable multiplexing. An internal control primer and probe set, designed to amplify the human RNase P gene, is
also included in the primer mix. The reverse primer of this target has been modified from the CDC design to target an exon/exon
boundary to reduce background amplification from possible contaminating genomic DNA.

Advantages
•M
 ultiplex detection of 2019-nCoV_N1 and 2019-nCoV_N2 targets and
human RNase P gene enables high throughput workflows
•R
 educe background amplification from genomic DNA by use of a modified
RNase P Internal Control reverse primer to target an exon-exon boundary
• I ncrease sensitivity with Luna Probe One-Step RT-qPCR 4X Mix with
UDG allowing for more sample input
•C
 ompatible with low reaction volumes including 384-well plate formats

Ordering information:

Using the Luna SARS-CoV-2 RT-qPCR Multiplex Assay Kit, up to 94 different samples can be assessed
in a single 96-well plate. Anticipated results for each sample type are shown (in each fluorophore channel).

PRODUCT

NEB # SIZE

PRICE

Luna SARS-CoV-2 RT-qPCR
Multiplex Assay Kit

E3019S
E3019L

£271
£1,185

96 rxns
480 rxns

From research to therapeutic production, NEB’s
in vitro transcription portfolio will meet your needs
NEB’s portfolio of research-grade and GMP-grade* reagents enables bench-scale to commercial-scale mRNA manufacturing. Our optimized HiScribe kits enable convenient
in vitro transcription (IVT) workflows. When it is time to scale up and optimize reaction components, our standalone reagents are readily available in formats matching our
GMP-grade offering, enabling a seamless transition to large-scale therapeutic mRNA manufacturing.
ENABLING GRAM-SCALE RNA SYNTHESIS
NEB manufactures and inventories the following enzyme specificities at GMP-grade, meeting customer needs with short lead times:

Learn more at

www.neb.com/GMP-grade-IVT

Product

NEB #

Feature

Vaccinia Capping Enzyme

M2080S

A full system for enzymatic capping based on the Vaccinia virus Capping Enzyme (VCE)

T7 RNA Polymerase

M0251S/L

RNA Polymerase used for in vitro mRNA synthesis, and is highly specific for the T7 phage promoter

mRNA Cap 2´-O-Methyltransferase

M0366S

mRNA Cap 2´-O-Methyltransferase adds a methyl group at the 2′-O position of the first nucleotide adjacent to the
cap structure at the 5´ end of the RNA

RNase Inhibitor, Murine

M0314S/L

RNase Inhibitor, Murine, specifically inhibits RNases A, B and C

Pyrophosphatase, Inorganic (E. coli)

M0361S/L

Inorganic pyrophosphatase (PPase) catalyzes the hydrolysis of inorganic pyrophosphate to form orthophosphate

DNase I (RNase-free)

M0303S/L

DNA-specific endonuclease used for removal of contaminating genomic DNA from RNA samples and degradation
of DNA templates in transcription reactions

HiScribe T7 High Yield RNA Synthesis Components

E2040S

Separate components available in GMP-grade format

"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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FEATURE ARTICLE

Think differently about your
molecular diagnostics supply chain
By Tom Evans, Ph.D. and
Salvatore V. Russello, Ph.D.,
New England Biolabs, Inc.

New England Biolabs® (NEB®) partners with customers globally to address the challenges faced by
innovators developing the molecular diagnostics (MDx) technologies required to address public health
and pandemic preparedness.
The current COVID-19 pandemic has impacted
nearly every aspect of daily life. It has elevated
many of the challenges faced by clinical labs,
and new and innovative solutions are required to
address them. One strategy to help public health
professionals understand and control the spread of
SARS-CoV-2 is the widespread testing of millions
of people around the world. Conventional RTqPCR based tests performed in large, centralized
testing facilities have been the backbone of testing
to date. Despite the rapid development of these
SARS-CoV-2 assays, dozens of new modalities are
being introduced to help close the gap between the
number of cumulative tests that can be performed
daily and the desired testing capacity required to
control and track the spread of the virus.
Numerous companies, diagnostic testing facilities,
and academic institutes have introduced SARSCoV-2 assays under the FDA’s Emergency Use
Authorization (EUAs). Based upon recent FDA
guidance, the priority of new EUAs reviewed by
FDA will be on tests that increase testing accessibility or significantly increase capacity. Additionally, new SARS-CoV-2 assays can be introduced
by Clinical Laboratory Improvement Amendments
(CLIA) laboratories without going through the
EUA process. Still, such rapid progress has not been
without challenges—it has exposed weaknesses in
diagnostics supply chains and has belied the need

for innovation and thinking differently about how
diagnostics should be developed, manufactured,
and deployed.
Many scientists know NEB as a trusted reagent
provider to the life science community. What many
do not know is that we also offer a portfolio of
products that serve as critical components for a
wide array of diagnostics products and services.
Extensive molecular biology and enzymology
experience provide NEB with the unique ability
to help customers solve the challenges inherent in
technology development and ultimately in scale-up
and commercialization.
Leveraging NEB's research program
to influence product development for
SARS-CoV-2 testing
NEB's founder, Dr. Donald Comb, prioritized basic
research ever since NEB was founded in the early
1970s, and this has influenced the product development direction of the company. Our research
interests include finding new enzyme activities,
engineering enzymes specifically for biotechnology applications, and understanding how enzymes
behave. This level of expertise and knowledge is
then harnessed by our development and production teams to create robust enzymes and optimized
workflows for commercialization. For example,
NEB’s expertise in amplification has resulted in an
extensive portfolio of reagents for RT-qPCR and
isothermal amplification, two technologies essential
in today’s molecular testing landscape. In fact,
many of NEB’s products have been already cited in
numerous publications and EUA protocols.
Currently, the gold standard for diagnostics testing
is RT-qPCR, and most of today’s testing infrastructure is based on this technology. It’s highly
sensitive and robust, and NEB offers a number of
products in this area, as do many other suppliers.
However, like any technology, it has strengths
and weaknesses. For example, it requires use of
expensive equipment (a thermal cycler with fluorescence detection) and, in some cases, has longer
turnaround times.
At NEB, our emphasis on long-term research
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resulted in us evaluating and working with loopmediated isothermal amplification (LAMP), an
alternate approach originally developed at the
Eiken Chemical Co., Ltd. Over the last decade
we combined a number of breakthroughs to
make the technology even more suitable for the
molecular diagnostics community. This included
novel engineered DNA polymerases, a new reverse
transcriptase, the ability to set up reactions at
room temperature using “WarmStart®” enzymes,
multiplexing, and the ability to perform carryover
prevention. We also introduced a version of this
technology that enables the visual detection of
products amplified by LAMP and RT-LAMP. We
have also published extensively in this area (1).
Partnering with you from R&D to production
NEB is a company that scientists know and trust.
We pride ourselves on being a resource—not just
through our product offerings and production capabilities, but also through the support we provide
to diagnostics assay development scientists—from
R&D through to scale-up and commercialization.
For this reason, NEB is an ideal partner as new
testing technologies are moved from the bench into
production.
Our support starts early in the R&D process, as
customers obtain information about our products
and technologies through our catalog, extensive
web resources and support staff, and ultimately
obtain material to evaluate. As questions arise about
how a product might be used in a given technology, customers can speak directly with scientists
who have played a role in developing or produc-

ing these products. And in those instances where
a customer wishes to optimize performance for a
particular detection modality, modify a product,
or request a customized packaging format, the
OEM & Customized Solutions Team is brought
in. We quickly assemble a cross-functional team of
researchers, product developers, project managers,
and logistics staff to assess and make recommendations as to how best to address our customers’
needs.
Identifying the pain points involved in
developing diagnostics
Our customers range from some of the largest
molecular diagnostics organizations to early stage
technology companies. Their challenges differ. In
some cases they are looking to build out redundancy in their reagent supply chain, while in others
they may need NEB to work collaboratively to
further develop and help bring their technology
to market.

That said, there are several common challenges
that many customers have cited repeatedly over
the past several months. These are scale, supply
chain resilience, and product quality, performance,
and consistency.

NEW PRODUCTS

Regardless of what technology is ultimately incorporated into a molecular diagnostics product, a
consistent and reliable supply chain is essential,
especially in today’s landscape. Product demand
is higher than ever before, and dozens of organizations are pursuing similar approaches with
the need for the same reagents and associated
consumables. Further, the quality and consistency
of reagents can vastly impact the performance of
an assay.
Enabling your solution
Unlike other reagent providers of similar size and
capacity, NEB has made the decision to enable
science and not compete with our diagnostics
customers in the markets that they serve. As one
of the few privately held molecular biology tools
providers, our goal is to establish partnerships
that advance our customers’ science and business
objectives—100% of our production capacity is
earmarked for the customers we serve, and not for
the manufacture of our own diagnostics products.
Over the past decade, NEB has made significant investment in its manufacturing scale-up
and operations, as well as in its quality systems.
Our ISO 13485 facilities in Ipswich, Rowley,
and Beverly, Massachusetts, have the capacity
to provide reagents to enable many millions of
molecular assays, whether they be for RT-qPCR
or isothermal amplification.
NEB was founded to serve the scientific community with humility, integrity and transparency—
principles which we believe are more important

now than ever. We look to our diagnostics
customers as the real innovators. These customers
engage with NEB scientists to understand what our
products do and don’t do, to make good decisions
quickly about whether or not we are a fit for their
technology platform. We also provide clarity about
capacity, turn-around-times and, when possible,
pass along cost savings to our customers in the
event that scale can be achieved to reduce the price
of our products.
In summary, we would like the molecular diagnostics community to think differently about NEB
and consider us as their partner for future assay
development and scale-up needs.

1. Anahtar, M.N. et al (2020) Open Forum Infectious
Diseases, 2020;, ofaa631.

If you want to learn more about how NEB can support your
Molecular Diagnostics needs, contact us at custom.uk@neb.com
or visit www.neb.com/MDx.
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SPECIAL OFFER

It’s a matter of expression.
Our NEBExpress portfolio of products includes solutions for expression and purification and is supported by access to scientists with over 45 years
of experience in developing and using recombinant protein technologies in E. coli. We use these solutions in our own research and manufacturing
processes and know that quality and performance are critical – all of our products are stringently tested so that you can be sure they will work
optimally for your solution, just as we rely on them to work in ours.

Synthesize high yields of protein with the
NEBExpress Cell-free E. coli Protein Synthesis System
The NEBExpress Cell-free E. coli Protein Synthesis System is a coupled transcription/translation system designed to synthesize proteins encoded by a DNA
template under the control of a T7 RNA Polymerase promoter. The system offers high expression levels, the ability to produce high molecular weight proteins,
scalability, and is cost-effective for high-throughput expression applications. The speed and robustness of the system facilitates protein synthesis in applications
such as protein engineering, mutagenesis studies and enzyme screening.
The NEBExpress Cell-free E. coli Protein Synthesis System contains all the components required for protein synthesis, except for the target template DNA. It is a
combination of a highly active cell extract from a genetically engineered strain of E. coli, a reaction buffer, and an optimized T7 RNA Polymerase.

The NEBExpress Cell-free E. coli Protein Synthesis System
can be used to express a wide range of proteins
M

neg

bGalS bGal

SP6

FLuc BglA CitS

Advantages:

vGFP GMK DHFR CALM

200

• S ynthesize high yields of protein (typically 0.5 mg/ml) in approx. 2–4 hrs
•E
 xpress a wide variety of target proteins ranging from 17 to 230 kDa
•T
 emplates can be plasmid DNA, linear DNA, or mRNA
•R
 Nase contamination can be inhibited by the supplied RNase inhibitor,
eliminating clean-up steps
• F lexible reaction conditions achieve maximum yield; protein synthesis can
be sustained for 10 hours at 37°C or up to 24 hours at lower temperatures

100

60

•R
 eactions can be miniaturized or scaled up to yield mg quantities of protein
25

Applications:
•Q
 uickly generate analytical amounts of protein for further characterization
•U
 se for high throughput screening and liquid handling
• S tudy epitope mapping and protein folding
•E
 xpress toxic proteins

15

50 µl reactions containing 250 ng template DNA were incubated at 37°C for
3 hours. The red dot indicates the protein of interest. M = Unstained Protein
Standard, Broad Range (NEB #P7717); “neg” = negative control, no DNA.

SPECIAL OFFER

30% Off a selection of protein expression reagents until 30/06/2021

PRODUCT

NEB #

SIZE

PRICE

OFFER
PRICE

E5360S
E5360L

10 rxns
100 rxns

£133
£1100

£93.10
£770.00

NEBExpress GamS Nuclease Inhibitor

P0774S

75 µg

£83

£58.10

TEV Protease

P8112S

1,000 units

£97

£67.90

NEBExpress Ni Spin Columns

S1427S
S1427L

10 columns
25 columns

£94
£188

£65.80
£131.60

NEBExpress Ni Resin

S1428S

25 ml

£291

£203.37

NEBExpress Cell-free E. coli Protein
Synthesis System

RELATED PRODUCTS

TERMS & CONDITIONS: Offer valid in the UK and Ireland only from 01/04/2021 until 30/06/2021. No cash or cash equivalent. No substitution. Offer valid on new
orders for products #E5630S, #E5630L, #P0774S, #P8122S, #S1427S, #S1427L and #S1428S only. Offer may not be applied to existing, pending or prior orders.
Cannot be combined with any other promotions. No other discounts apply. Void if copied or transferred and where prohibited by law.

06

NEBExpress GamS Nuclease Inhibitor: a recombinant
protein that inhibits Exonuclease V (RecBCD) activity and stabilizes linear
DNA templates in E. coli-based in vitro protein synthesis reactions to
enhance protein yield.
NEBExpress Ni Spin Columns: ready-to-use columns can
purify ≥ 1 mg of His-tagged protein in as little as 15 minutes.

NEBExpress Ni Resin: can be used in gravity or pressure flow
columns, and batch purifications.
TEV Protease: a highly specific cysteine protease engineered to
improve thermal stability and decrease autolysis. It has a 7xHis-tag for
easy removal from a reaction using nickel affinity resins.

Let us help you find the purification beads, columns and resins that will work best for you
Isolation of pure substrates or proteins for downstream experiments is a common, yet time consuming, task. New England Biolabs offers a variety of resins and magnetic
beads that are easy-to-use, highly specific, and available in several different formats for rapid isolation and purification of proteins, nucleic acids and immunoglobulins.
Protein
Purification
NEBExpress Ni-NTA
Magnetic Beads
(NEB #S1423)
NEBExpress
Ni Spin Columns
(NEB #S1427)
NEBExpress Ni Resin
(NEB #S1428)

Use In Automated
Chromatography

l

(His-tag)
l

(His-tag)
l

(His-tag)

Amylose Resin
(NEB #E8021)

(MBP)

Amylose Resin High
Flow (NEB #E8022)

(MBP)

Amylose Magnetic
Beads (NEB #E8035)

(MBP)

Anti-MBP Magnetic
Beads (NEB #E8037)

Large-Scale
Purifications

l

l

l

HighThroughput

Biotinylated
Substrate Binding

Protein
Pull-Down

l

l

l

l

l

l

l

(MBP)

mRNA Purification/
Pull-Down

l

l

Immunoprecipitation

Cell Separation/
Cell Sorting

l

l

l

Nucleic Acid
Pull-Down

l

l

l

l

l

l

l

l

Chitin Resin
(NEB #S6651)

(intein-CBD
tag)

Chitin Magnetic Beads
(NEB #E8036)

(intein-CBD
tag)

l

l

l

Oligo d(T)25 Magnetic
Beads (NEB #S1419)
Streptavidin Magnetic
Beads (NEB #S1420)

l

l

l

l

l

(biotinylated
bait)

l

l

(biotinylated
bait)

Hydrophilic
Streptavidin Magnetic
Beads (NEB #S1421)

l

l

l

l

(biotinylated
bait)

(biotinylated
bait)

Protein A Magnetic
Beads (NEB #S1425)

l

l

Protein G Magnetic
Beads (NEB #S1430)

l

l

Goat Anti-Mouse IgG
Magnetic Beads
(NEB #S1431)

l

(Mouse lgGs)

Goat Anti-Rabbit IgG
Magnetic Beads
(NEB #S1432)

l

(Rabbit lgGs)

Goat Anti-Rat IgG
Magnetic Beads
(NEB #S1433)

l

(Rat lgGs)

Magnetic mRNA
Isolation Kit
(NEB #S1550)

l

l

l

l

l

l

l

l

Simplify your Ni purification with NEBExpress
NEB offers a selection of products for affinity chromatography using polyhistidine-tagged (His-tagged) fusion
proteins. Generate highly pure protein (>95%) with high specific binding under native or denaturing conditions.
• T
 he NEBExpress Ni-NTA Magnetic Beads (NEB #S1423S/L) enable small-scale isolation and
purification of polyhistidine-tagged (His-tagged) fusion proteins in manual or automated formats.
• T
 he NEBExpress Ni Spin Columns (NEB #S1427S/L) are ready-to-use, and can purify
≥ 1 mg of His-tagged protein in as little as 15 minutes.
• T
 he NEBExpress Ni Resin (NEB #S1428S) can be used in gravity or pressure flow columns,
and batch purifications.
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Convenient,
Ready-to-use
Competent Cells

Try NEB’s competent cells for
expression of a wide range of proteins
NEB offers a wide selection of competent cell strains ideal for expression of a
variety of proteins. Proteins with multiple disulfide bonds are correctly oxidized to
significantly higher yields with SHuffle strains. Tunable T7 expression is achieved
with Lemo21(DE3), an ideal strain for difficult targets, including membrane proteins.
NiCo21(DE3) is designed for the expression and purification of His-tagged proteins.
NEB Express and T7 Express Competent E. coli are offered with varying levels of
control. Only NEB offers exceptional control of T7 expression by the lysY gene, which
is ideal for proteins that are difficult to express or toxic to the cell. Each strain is
provided with a protocol for optimal expression.
Strain

Characteristics

NEB #

Size

Price

NEB Express
Competent E. coli

• Versatile non-T7 expression strain
• Protease deficient

C2523H
C2523I

20 x 0.05 ml
6 x 0.2 ml

£175
£145

NEB Express I q
Competent E. coli

• Control of IPTG induced expression from Plac ,
Ptac and Ptrc
• Protease deficient

C3037I

6 x 0.2 ml

£171

T7 Express
Competent E. coli

• Most popular T7 expression strain
• Protease deficient

C2566H
C2566I

20 x 0.05 ml
6 x 0.2 ml

£186
£152

T7 Express lysY
Competent E. coli

• T7 expression
• Protease deficient
• Better reduction of basal expression

C3010I

6 x 0.2 ml

£171

T7 Express lysY/I
Competent E. coli

• T7 expression
• Protease deficient
• Highest level of expression control

C3013I

SHuffle Express
Competent E. coli

• Enhanced capacity to correctly fold proteins with
multiple disulfide bonds in the cytoplasm
• Protease deficient/B strain

C3028J

12 x 0.05 ml

£218

SHuffle T7 Express
Competent E. coli

• Enhanced capacity to correctly fold proteins with
multiple disulfide bonds in the cytoplasm
• T7 expression
• Protease deficient/B strain

C3029J

12 x 0.05 ml

£218

q

•
•
•
•

6 x 0.2 ml

£171

No Colonies or No Growth in Liquid Culture
• Even though T7 expression is tightly regulated,
there may be a low level of basal expression in
the T7 Express host. If toxicity of the expressed
protein is likely, transformation of the expression
plasmid should be carried out in a more tightly
controlled expression strain:
– I n Iq strains over-expression of the LacIq
repressor reduces basal expression of the
T7 RNA Polymerase.
– I n lysY strains, mutant T7 lysozyme
is produced, which binds to T7 RNA
Polymerase, reducing basal expression of
the target protein. Upon induction, newly
made T7 RNA Polymerase titrates out the
lysozyme and results in expression of the
target protein.
• Incubation at 30°C or room temperature may
also alleviate toxicity issues.
• Check antibiotic concentration (test with
control plasmid).

No Protein Visible on Gel or No Activity
• Check for toxicity – the cells may have eliminated
or deleted elements in the expression plasmid. If
this is the case, test lq and/or lysY strains to reduce
basal expression.
• Culture cells for protein induction. Just before
induction, plate a sample on duplicate plates
with and without antibiotic selection. If toxicity
is an issue, significantly fewer colonies will be
seen on plates containing antibiotic (indicating
that the plasmid has been lost) compared to plates
without antibiotic.

T7 expression
Protease deficient/B strain
Tightly controlled expression of toxic proteins
Enhanced capacity to correctly fold proteins with
multiple disulfide bonds in the cytoplasm

C3030J

12 x 0.05 ml

£218

SHuffle T7
Competent E. coli

• Enhanced capacity to correctly fold proteins with
multiple disulfide bonds in the cytoplasm
• T7 expression/K12 strain

C3026J

12 x 0.05 ml

£218

BL21 Competent
E. coli

• Routine expression for non-T7 Vectors
• Protease deficient

C2530H

20 x 0.05 ml

£186

BL21(DE3)
Competent E. coli

• Routine T7 Expression
• Protease deficient

C2527H
C2527I

20 x 0.05 ml
6 x 0.2 ml

£186
£152

Lemo21(DE3)
Competent E. coli

• Tunable T7 Expression for difficult targets
• Protease deficient

C2528J

12 x 0.05 ml

£218

• Induce at lower temperatures (12–15°C
overnight).

NiCo21(DE3)
Competent E. coli

• Expression and purification of His-tagged proteins
• Protease deficient

C2529H

20 x 0.05 ml

£334

• Reduce IPTG concentration to 0.01 mM –
0.1 mM.

SHuffle T7 Express
lysY Competent
E. coli

Induced Protein is Insoluble

Note: Store Competent Cells at –80°C. Once thawed, do not refreeze. Storage at –20°C will result in a significant
decrease in transformation efficiency. Cells lose efficiency whenever they are warmed above –80°C, even if they
do not thaw.
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Troubleshooting tips
for protein expression
with T7 Express strains

T7 expression often leads to very high production
of protein that can result in the target protein
becoming insoluble. In this case:

• Induce for less time (as little as 15 minutes).
• Induce earlier in growth (OD600 = 0.3 or 0.4).

Discover the full range of
Monarch Nucleic Acid
Purification Kits at
NEBMonarch.com
FEATURED PRODUCTS

Monarch HMW DNA Extraction Kits

Highlights:

NEB's powerful new solution for high molecular weight (HMW) DNA extraction

• F ast workflows (cells: 30 minutes, blood:
60 minutes, tissue & bacteria: 90 minutes)

Monarch HMW DNA Extraction Kits employ a novel glass bead-based approach, allowing users to
extract DNA into the megabase (Mb) range quickly and easily, with best-in-class yields and purity
from cells, blood, tissue, bacteria and other sample types. Extracted HMW DNA is easy to dissolve and
is often ready to use on the same day, significantly shortening the extraction process, which has long
been a bottleneck for long read sequencing technologies.

DNA fragment size is tunable based on agitation speed during lysis
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•E
 xcellent performance in long read
sequencing

727.5
679
630.5
582
533.5
485
436.5
388
339.5
291

727.5
679
630.5
582
533.5
485
436.5
388
339.5
291

242.5

242.5

194

194

145.5

145.5

97

97

Validated sample types:
Monarch HMW DNA Extraction Kit for Tissue:
• Mouse brain
• E. coli
• Mouse liver
• B. cereus
• Mouse muscle
• M. luteus
• Mouse kidney
• X. laevis
• Mouse tail
• S. cerevisiae
• Mouse ear punch
• C. elegans
• Rat kidney
• A. aegypti
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260/230 2.31 2.28 2.36 2.44 2.39 2.47 2.49 2.50 2.52 2.53 2.48 2.44
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Best-in-class
yields and purity

9.8

Preps were performed on duplicate aliquots of 1 x 10 6 HEK 293 cells and 500 µl fresh human blood. Samples were
agitated at the indicated speed during the lysis step to control the fragmentation of the DNA. Equal amounts of DNA
from the replicates (cells: 500 ng; blood: 650 ng) were resolved by PFGE (1% agarose gel, 6 V/cm, 13°C for 20 hours,
switch times ramped from 0.5–94 seconds on a BioRad CHEF-DR III System). Yield anpurity ratios of the individual
preps are shown in the accompanying tables. Lambda PFG Ladder and Lambda DNA-Hind III Digest (NEB #T3041
and #N3012) were used as molecular weight standards. Yield, purity ratios and DINs of the individual preps are shown
in the accompanying tables.
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•T
 une DNA size based on agitation speed
during lysis
•R
 eproducibly achieve excellent yields
and purity

Blood (human, fresh)

1100

•E
 xtract DNA into the megabase (Mb) range
from cells, blood, soft organ tissues, and
bacteria

We’ve had great success with obtaining HMW DNA for long
read sequencing from a variety of cell types, using less input and
obtaining a comparable yield… It is straightforward and easy to use.
– Inswasti Cahyani & Matt Loose, DeepSeq, University of Nottingham

Excellent fragment length as per TapeStation, excellent sequencing
on Oxford Nanopore Minion. This solved our bottleneck.
– Dr. Scott Lindner, Pennsylvania State University

”

Monarch HMW DNA Extraction Kit for Cells & Blood:
CELLS
• K293
• A549
• HeLa
• U5Os
• NIH3T3
• HepG2
• Jurkat
• NCI-460
• K562 (suspension cells)
• SK-N-SH
• HCT116
• Aa23
MAMMALIAN BLOOD
• Human
• Mouse
• Rat (fresh only)
• Rabbit
• Pig

•
•
•
•
•

Horse
Cow
Rhesus money
Goat (fresh only)
Sheep (fresh only)

NUCLEATED BLOOD
• Chicken

•

Turkey

For more information, visit www.MonarchHMWDNAinputs

”

Ordering information:
PRODUCT

NEB #

SIZE

PRICE

Monarch HMW DNA Extraction T3050S
Kit for Cells & Blood
T3050L

5 preps
50 preps

£ 64
£ 368

Monarch HMW DNA Extraction T3060S
Kit for Tissue
T3060L

5 preps
50 preps

£ 69
£ 414
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APPLICATION NOTE

A faster workflow for the assessment of genomic loci
in mice using a novel HMW DNA extraction technology
upstream of Cas9 targeted sequencing
Simon Lesbirel, Ph.D.1, Jeremy R. Charette, B.S.1, Chia-Lin Wei, Ph.D.1, Eric Cantor, Ph.D.2, Danielle Freedman, M.S.2, Giron Koetsier, Ph.D.2
1: The Jackson Laboratory, Bar Harbor, ME/Farmington, CT and 2: New England Biolabs, Inc., Ipswich, MA

Introduction
Generation of transgenic mice through random or
targeted integration of DNA fragments can lead to
structural variation and integration mutagenesis (1),
both of which are undesirable outcomes. Due to the
significant labor required for their characterization,
it is estimated that only around 5% of transgenic
mouse models published in the Mouse Genome
Database have an annotated chromosomal location
(1). Therefore, a technique capable of quickly and
cost-effectively identifying chromosomal location
and confirming the transgene sequence integrity
is essential. Further to this, the interrogation of
large loci at the base level between strains remains
difficult without using whole genome sequencing. A
recently described technique, Cas9 no-amplification
enrichment (2), has the potential to fulfill that need.
Traditionally, the genomic modifications required to
generate mouse models leverage PCR-based assays
and Sanger sequencing for validation. However, in
many cases, the structure and the sequence of the gene
or its chromosomal integration site hinder analysis by
these methods. Loops and sequence repeats prevent
effective assessment of DNA sequence. The CRISPR/
Cas9-mediated amplification-free enrichment
approach for Oxford Nanopore Technologies®
sequencing is an alternative method for interrogation
of loci of interest or transgene sites. The method is
relatively low-cost and can enrich regions of interest

over native sequences without the need for PCR
amplification (Figure 1).
In standard ligation-based whole genome sequencing
approaches, desired loci/transgenes will be sequenced
only once or a few times per nanopore sequencing
run, but not with enough coverage to collect reliable
sequence information. The Cas9 no-amplification
enrichment workflow allows for specific enrichment
of targeted regions by reducing undesired fragments
from the sequencing process via dephosphorylation
of their phosphate ends. Lacking terminal 5´
phosphate groups, they do not participate in adapter
ligation. The target region, however, is subsequently
cleaved using a Cas9-sgRNA (single guide RNA)
ribonucleoprotein complex (RNP) making it accessible
for sequencing adapter ligation. The resulting libraries
allow for enriched sequence generation from the
region of interest against a minimal background of
genomic DNA sequences typically resulting from offtarget Cas9 cleavage and non-specific adapter ligation.
Furthermore, multiple sgRNAs can be used to enrich a
variety of targets in a single library, thereby increasing
efficiency and decreasing cost (3).
At The Jackson Laboratory, one of our priorities has
been to establish assays to standardize analysis for
routine assessment of genomic alterations such as
targeted mutagenesis and transgene integrations. Cas9
enrichment has proven to be an effective approach.

Figure 1: Overview of the Cas9 no-amplification enrichment library prep workflow
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Simultaneous Cas9 enrichment analysis of 2 to 4
targeted sequences has now been established as a
standard workflow, with targeted regions typically
being around 5 kb in size and sometimes up to 30 kb.
Successful use of the Cas9 enrichment protocol relies
on using high-quality, high molecular weight (HMW)
gDNA as an input material. Working with the longest
possible DNA fragments increases the chance that
the entire region of interest remains intact after DNA
extraction. The initial Cas9 enrichment sequencing
workflow implemented within the Genome
Technologies group at The Jackson Laboratory was
dependent on phenol/chloroform DNA extraction,
which initially fulfilled the requirements. However,
while the phenol/chloroform-based workflow is
effective for ultralong sequencing, it proved to be
laborious and time consuming when applied to the
Cas9 enrichment protocol. The sample lysis, phenol
extraction and DNA precipitation take approximately
one full day. Subsequently, this method requires up
to 3 days of “rest time” to allow the isolated HMW
gDNA to return to solution, resulting in the whole
extraction process taking several days. Accordingly,
the Cas9 enrichment can be started around day 5
(Figure 3). In addition, the increased frequency of
extractions produced excessive amounts of hazardous
waste. Therefore, we sought a faster and more
environmentally friendly DNA extraction alternative.
In this work, we leveraged the novel glass bead-based
approach employed by the New England Biolabs
Monarch® HMW DNA Extraction Kits to significantly
reduce the time required for generating HMW gDNA
from mouse tissue samples. With this new approach,
the HMW DNA extraction process from tissues is
complete in about 90 minutes, and DNA is ready to
use shortly after, thereby significantly reducing the
overall time required to perform the Cas9 enrichment
workflow. Yield, purity, and integrity of the isolated
HMW DNA is compared to phenol-extracted DNA
and its efficient use in the optimized Cas9 sequencing
workflow is demonstrated.

Results & Discussion
Comparison of HMW DNA Extraction
The HMW DNA that was used for initial Cas9
enrichment studies was isolated using phenol/
chloroform extraction. For later studies, the Monarch
HMW DNA Extraction Kit for Tissue was introduced.
Yield and purity data are shown for DNA extracted
from liver and kidney samples with both methods
(Table 1, page 10)
For phenol-extracted samples, spectrophotometric
readings revealed that around 1.6 μg DNA per mg
tissue was isolated for liver and 4-6 μg per mg tissue
for kidney. However, Qubit values (data not shown)
were significantly lower, particularly for the liver

1.85, 1.33

B–Liver, 15 mg

1.4

1.84, 1.12

C–Kidney, 20 mg

5.9

1.83, 2.08

D–Kidney, 20 mg

4.2

1.86, 1.77

E–Kidney, 20 mg

3.8

1.85, 2.07

4–Liver, 15 mg (1700 rpm)

1.4

1.86, 2.27

5–Liver, 10 mg (500 rpm)

1.3

1.84, 2.14

6–Kidney, 17 mg (2000 rpm)

2

1.85, 2.27

7–Kidney, 20 mg (2000 rpm)

2.7

1.83, 2.25

10–Kidney, 12 mg (500 rpm)

1.4

1.85, 2.35

11–Kidney, 10 mg (500 rpm)

1.9

1.84, 2.36

12–Kidney, 10 mg (500 rpm)

2.1

1.85, 2.34

samples. Purity grade was intermediate; though A260/
A280 purity ratios were in the normal range (1.831.85), the A260/A230 ratios were lower than optimal,
with 1.8-2.1 for kidney and only 1.1-1.3 for liver.
For Monarch-extracted samples, spectrophotometric
measurements revealed that good yields were
obtained for both liver and kidney, with around
1.4 μg DNA per mg tissue for liver and 2-3 μg per
mg tissue for kidney. Consistent high purity was
observed among all extracted samples as A260/A280
purity ratios were greater than 1.83 and A260/A230
ratios were >2.1.

Sample 6 and 7 (both heterozygous 5 kb inserts)
proved to be difficult targets; even with the Cas9
enrichment approach, it was challenging to generate
reads (data not shown). Monarch HMW DNA
extraction was repeated with larger input amounts and
lysis was carried out at maximal agitation speed (2000
rpm) to reduce the size of the HMW DNA fragments
and the accompanying viscosity. This modification
enabled 20X/23X coverage of the region of interest,
respectively, sufficient for our purposes. This example
provides a compelling case of how having access to
a rapid extraction method enables troubleshooting
experiments without significant time loss.

FIGURE 2: Analysis of 30 kb homozygous transgene insertion and 5 kb
heterozygous transgene insertions
(A) Sample 5: Homozygous 30 kb insert; coverage across the region of interest was 44X. (B) Sample 4: a mouse line with a 5 kb heterozygous
insertion, coverage depth of 92x. Note: mean coverage depth does not include endogenous chromosomal reads located at the 5´ and 3´ ends
A
60 kb
of the transgenic insertion.
A
60 kb

B
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The efficiency of the Cas9 enrichment approach
is demonstrated in Figure 2, showing analysis of
Sample 5 (homozygous 30 kb insert) and Sample 4
(heterozygous 5 kb insert). Sample 5 contains a large
insert and delivered 44X coverage over the region
of interest. In Samples 4 and 9 (another mouse line
with a 5 kb transgenic insert, data not shown), the
Cas9 enrichment approach was used to check the
integrity of the insertion site as well as the transgene
sequence. The sgRNAs were designed 1 kb up and
downstream of the transgene, and the enrichment
approach worked well with a 92X and 74X coverage,
respectively. A slight overrepresentation of the shorter
allele not containing the transgene was observed.
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Cas9-enrichment for assessment of transgene
insertion sites
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and
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FIGURE 3: Comparing the Cas9
sequencing workflow duration
for phenol/chloroform and
Monarch HMW DNA extraction

Day 1

HMW DNA samples purified with either phenol/chloroform or the
Monarch kit were analyzed on a Nanodrop 2000 to determine the
concentration and purity ratios, and to determine yield per mg. DNA
samples from kidney purified with the Monarch kit using 500 rpm
agitation speed during were bound for 8 minutes on the rotator.

Tapestation analysis was carried out using the
Genomic DNA Screen Tapes. Densitometric region
analysis revealed that the portion of DNA >50 kb for
the Monarch-extracted DNA was 81% while that of
phenol-chloroform-extracted DNA was 69% (data not
shown).

Day 2–3

TABLE 1: DNA Extraction with phenol/
chloroform and the Monarch HMW DNA
Extraction Kit

3 days
Align and visualize
6 days

Conclusion
Until recently, Cas9 enrichment workflows have
been described using phenol/chloroform extracted
HMW DNA when working with animal tissues.
The drawbacks of this extraction approach are
numerous, including significant handling, hazardous
chemicals, and excessive time required for dissolving.
Because this method requires several days to obtain
usable DNA, it is not conducive to rapid transgene/
strain analysis and limits the flexibility needed for
troubleshooting or tweaking of parameters.
The new Monarch HMW DNA extraction workflow
provided DNA with high yields, high purity, and
high DNA integrity which was ready to use in only
a few hours. The Monarch-extracted DNA performed
well in Cas9 sequencing and resulted in a significant
time savings in the Cas9 enrichment sequencing
workflow of up to 3 days (Figure 3). The Monarch
workflow also enables tunable fragment length
generation by having the user change the agitation
speed of the thermal mixer during lysis, empowering
the user to adjust the size of the DNA to optimize
conditions for the relevant downstream application.
Overall, the Cas9 enrichment approach is a powerful
tool for interrogation of genomic loci. Having a
rapid high-quality method like Monarch for HMW
DNA extraction enables a significant reduction in the
workflow time and facilitates troubleshooting efforts
without adding several days of work.

The full technical note including methods and
data can be downloaded by visiting the “Protocols,
Manuals & Usage” tab at www.neb.com/T3050
and www.neb.com/T3060.
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Read Me, Recycle Me
100% recycled paper,
vegetable based inks.
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THE MAILING ROOM MK LTD
UNIT 2 HORWOOD COURT
MILTON KEYNES
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Meet our new Eco
Shipping Boxes
NEB has always placed environmental stewardship as one of our highest
priorities – one of our goals has been to continuously improve our business
processes in order to minimize our impact on the environment. Our new
Eco-Boxes, maintain the cold shipping temperature requirements needed to
ship NEB products, but are either 100% recyclable or are recyclable with a
compostable/biodegradable insert.
Find out more at www.neb.uk.com/eco-box
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stay GENUINE

