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To Our
Fellow Scientists
As the COVID-19 virus continues to impact our communities, we understand there may be concerns
regarding your ability to order and receive important research reagents. Our manufacturing and
distribution teams continue to be fully operational, and we are working closely with our suppliers
and distribution partners to ensure uninterrupted access to our products and technical support.
New England Biolabs is working diligently to ensure we keep our employees and their families safe,
while maintaining our business continuity in support of our many customers around the globe. We
are also following the guidelines of local and national health organizations in order to mitigate the
spread of COVID-19.
NEB’s products are available for research purposes only. However, we are already supplying and
supporting customers who are working diligently to develop better diagnostic tools and vaccines for
the COVID-19 virus, and are ready to supply additional customers with the reagents they need to
validate and develop them as diagnostic tools for lab-based or point-of-care settings.

Products that customers have inquired about:
Monarch Total RNA Miniprep Kit (NEB #T2010)
NEB does not currently supply a kit specifically designed for viral RNA extraction. Additionally, we
have not validated this kit for RNA extraction from nasopharyngeal swabs or aspirates. However,
several customers have provided feedback that they have used this kit successfully to extract viral
RNA from other biological samples.

• Quickly and easily purify up to 100 µg of high quality total RNA (>20 nt)
• Purified RNA is suitable for downstream reactions, such as RT-qPCR and library prep for next
gen sequencing

• Elute in as little as 30 µl (RNA samples can be further concentrated following purification using
our Monarch RNA Cleanup columns or kits)
New protocols for the use of this kit with different
biological samples are being posted as they are
developed.

Protocol: RNA Purification from Buccal Swabs, Nasopharyngeal Samples
(swab or aspirate) and Saliva using the
Monarch Total RNA Miniprep Kit (NEB
#T2010)

WarmStart Colorimetric LAMP 2X Master Mix (DNA & RNA) (NEB #M1800)
WarmStart Colorimetric LAMP 2X Master Mix is an optimized formulation of Bst 2.0 WarmStart
DNA Polymerase and WarmStart RTx in a special low-buffer reaction solution.The mix contains
a visible pH indicator for rapid and easy detection of Loop-Mediated Isothermal Amplification
(LAMP) and RT-LAMP reactions.

• Easily detect amplification with a simple pink-to-yellow color change
• Set up reactions at room temperature, as WarmStart feature inhibits activity at 25°C

In the latest NEB TV episode, learn more about argonautes,
including how these nucleic acid-guided endonucleases
differ from Cas enzymes and potential applications.

Learn how Colorimetric LAMP was used for rapid
detection of Coronavirus (COVID-19) RNA in our
recent publication

Publication: Rapid Molecular Detection
of SARS-CoV2 (COVID-19) Virus RNA
Using Colorimetric LAMP

Explore the latest research in direct detection of
SARS-CoV-2 RNA using colorimetric LAMP in our
recent application note

Application Note: Facilitating Detection
of SARS-CoV-2 Directly from Patient
Samples: Precursor Studies with
RT-qPCR and Colorimetric RT-LAMP
Reagents

Learn more about isothermal DNA amplification on page 4.
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New England Biolabs (UK) Ltd
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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.

OXFORD NANOPORE TECHNOLOGIES® is a registered trademark of Oxford Nanopore Technologies Limited. ILLUMINA® is a registered trademark of Illumina, Inc.
OMNIAMP® is a registered trademark of Lucigen, Inc. ISOAMP® is a registered trademark of BioHelix Corporation. The IsoAmp® II Universal tHDA Kit was developed
and produced by BioHelix Corporation, now a wholly owned subsidiary of Quidel Corporation. The purchase of NEB RTx products conveys to the purchaser the limited,
nontransferable right to use the purchased products to perform reverse transcription loop-mediated isothermal amplification ("RT-LAMP") for research use only. LAMP
is a patented technology belonging to Eiken Chemical Co., Ltd., and any use other than research may require a license from Eiken Chemical Co., Ltd. A patent is
pending for NEB's RTx product.

Supporting
COVID-19
Research
Luna RT-qPCR Kits and Modules
Luna Universal Probe One-Step RT-qPCR Kit (NEB #E3006)
Luna Probe One-Step RT-qPCR Kit (No ROX) (NEB #E3007)
Luna Universal One-Step RT-qPCR Kit (NEB #E3005)
Luna Universal One-Step RT-qPCR kits offer exceptional sensitivity, reproducibility and RT-qPCR performance.

• Rapid, sensitive and precise probe or dye-based qPCR detection and quantitation of RNA targets
• Novel, thermostable Luna WarmStart RT increases reaction specificity
• Carryover prevention supported: reaction mixes contain dUTP
Explore the latest research in direct detection of SARS-CoV-2 RNA using Luna reagents
in our recent application note.

Application Note: Facilitating Detection
of SARS-CoV-2 Directly from Patient
Samples: Precursor Studies with
RT-qPCR and Colorimetric RT-LAMP
Reagents

Learn how high throughput qPCR and RT-qPCR workflows are enabled by Beckman
Coulter Echo Acoustic Liquid Handling and NEB’s Luna reagents in our recent
application note.

Application Note: High-throughput qPCR
and RT-qPCR Workflows Enabled by
Beckman Coulter Echo Acoustic Liquid
Handling and NEB Luna Reagents

Luna Cell Ready Lysis Module (NEB #E3032)
Bypass RNA extraction and go direct to RT-qPCR or LAMP analysis.

• Coordinated cell lysis, RNA release and genomic DNA removal are all performed
in a 15-minute protocol

• Pair with our Luna Universal One-Step RT-qPCR kits or WarmStart Colorimetric

Application Note: Facilitating Detection
of SARS-CoV-2 Directly from Patient
Samples: Precursor Studies with
RT-qPCR and Colorimetric RT-LAMP
Reagents

LAMP 2X Master Mix (DNA & RNA) for streamlined assays

Products for Oxford Nanopore Technologies® Sequencing
The following reagents are being recommended in a number of third party COVID-19
sequencing protocols, including “PCR tiling of COVID-19 virus” in Oxford Nanopore
Technologies’ Nanopore Community, and the ARTIC protocol:”

Q5 Hot Start High-Fidelity 2X Master Mix (NEB #M0494)
Random Primer Mix (NEB #S1330S)
Deoxynucleotide (dNTP) Solution Mix (NEB #N0447)
NEBNext Ultra II End Repair / dA-Tailing Module (NEB #E7546)
NEBNext Ultra II Ligation Module (NEB #E7595)
NEBNext Quick Ligation Module (NEB #E6056)
Products for Illumina® Sequencing
The following reagents are available for sequencing on the Illumina platform:

Preprints, protocols and early access
publications related to Sequencing and
COVID-19

If you anticipate an unusual ordering pattern,
particularly a requirement for larger quantities
of a specific reagent please do get in touch with
us to discuss your needs so we can work with
you to fulfil your orders efficiently. In the first
instance please contact Davin Miller (millerd@
neb.com) or Adam Peltan (peltan@neb.com). For
more general inquiries or questions, please feel
free to contact us at info.uk@neb.com.

NEBNext Ultra II RNA Library Prep Kit for Illumina (NEB #E7770)
NEBNext Ultra II Directional RNA Library Prep Kit for Illumina (NEB #E7760)
NEBNext Ultra II DNA Library Prep Kit for Illumina (NEB #E7645)
NEBNext Ultra II RNA First Strand Synthesis Module (NEB #E7771)
NEBNext Ultra II Non-Directional RNA Second Strand Synthesis Module (NEB #E6111)
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What is isothermal
DNA amplification?
The Polymerase Chain Reaction (PCR) is a well-known
approach for amplifying a specific DNA sequence. PCR involves
the reiterative cycling of a reaction cocktail between different
temperatures to achieve amplification. As routine as PCR is
in the molecular biology and molecular diagnostic laboratory,
there are other methods of sequence-specific DNA amplification.
These alternative approaches often do not require changing
the reaction temperature and are, therefore, often referred to
as isothermal amplification protocols. Isothermal amplification
protocols are varied and have different advantages. In general,
isothermal techniques are extremely fast and do not require
thermocyclers, making them particularly well suited for field
applications and point-of-care molecular diagnostics assays.

Advantages
• Fast
• Minimal equipment required
• Robust reactions in the
presence of inhibitors
• Simplified optical detection

Interested in learning how NEB scientists are
using isothermal amplification in their research?
Visit www.neb.com/IsothermalAmplification to find videos, protocols and recent
publications, including a recent publication from NEB scientists,
describing a pH-sensitive isothermal detection method.
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Examples of isothermal technologies
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LAMP is designed to detect a target nucleic acid without
sophisticated equipment. LAMP uses 4-6 primers recognizing
6-8 distinct regions of the target DNA. A strand-displacing
DNA polymerase initiates synthesis and two of the primers form
loop structures to facilitate subsequent rounds of amplification.
LAMP provides high sensitivity (fg or <10 copies of target),
and reactions can be performed in as little as 5–10 minutes.
Additionally, reactions can be performed with limited resources
(e.g., using a water bath for incubation and detection of results
by eye), or with real-time measurement and high-throughput
instruments.
Detection of RNA targets is accomplished by simple addition of
a reverse transcriptase to the LAMP reaction (e.g., WarmStart RTx
Reverse Transcriptase), with RT-LAMP performed as a true onestep, isothermal workflow.

Overview of LAMP

F2
F2c

Loop-mediated Isothermal Amplification
(LAMP & RT-LAMP)

5´

Exponential Amplification

Overview of SDA

Strand Displacement Amplification (SDA)

Target Production

Exponential Target Amplification*
Nicking enzyme

SDAF

SDA relies on a strand-displacing DNA polymerase, typically Bst DNA
Polymerase, Large Fragment (NEB #M0275) or Klenow Fragment (3´→ 5´exo–)
(NEB # M0212), to initiate at nicks created by a strand-limited restriction
endonuclease or nicking enzyme (e.g., Nt.BstNBI, NEB # R0607) at a site
contained in a primer. The nicking site is regenerated with each polymerase
displacement step, resulting in exponential amplification. SDA is typically used in
clinical diagnostics.

Helicase-dependent Amplification (HDA)

BumpF
Cycle

Target region

BumpR

SDAR
SDAF
SDAR

HDA employs the double-stranded DNA unwinding activity
of a helicase to separate strands, enabling primer annealing and extension by
a strand-displacing DNA polymerase. Like PCR, this system requires only two
primers. HDA has been employed in several diagnostic devices and FDAapproved tests.

Nicking Enzyme Amplification Reaction
(NEAR)
NEAR employs a strand-displacing DNA polymerase initiating at a nick created
by a nicking enzyme, rapidly producing many short nucleic acids from the target
sequence. This process is extremely rapid and sensitive, enabling detection of
small target amounts in minutes. NEAR is commonly used for pathogen detection
in clinical and biosafety applications.

* Target amplification, shown above for SDAF, will also occur simultaneously with SDAR.
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Featured Products for Isothermal DNA
Amplification from NEB
Bst 3.0 DNA Polymerase

Validated for LAMP

Bst 3.0 DNA Polymerase is an in silico designed homolog of Bacillus
stearothermophilus DNA Polymerase I, Large Fragment, engineered for improved
isothermal amplification performance and increased reverse transcription activity.
Bst 3.0 contains 5´→ 3´ DNA polymerase activity with either DNA or RNA
templates and strong strand displacement activity, but lacks 5´→ 3´ and 3´ →
5´ exonuclease activity. Bst 3.0 demonstrates robust performance even in high
concentrations of amplification inhibitors and features significantly increased reverse
transcriptase activity compared to Bst DNA Polymerase.

RT-LAMP was performed using
indicated DNA polymerase
and Jurkat total RNA and
primers for two genes (ACTB,
left; HMBS2, right). Fastest
results were observed with a
2-enzyme system, Bst 2.0 and
WarmStart RTx, but robust
amplification was also observed
using Bst 3.0 without additional
RT. Bst LF, Bst 2.0 and
competitor enzymes showed
highly variable performance,
with slow threshold times or
reaction failure on one of the
two targets.

Fast, single-enzyme RT-LAMP can be performed using Bst 3.0
RT-LAMP: ACTB

RT-LAMP: HMBS2
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Bst 2.0 + WS RTx

40
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Bst 3.0

Bst 2.0

Bst LF

GspSSD

OmniAmp®

Not sure which product will work best for your experiment?
NEB offers a selection of Bst DNA Polymerase-based products for isothermal DNA amplification. Use this chart to determine which
product will work best for your needs.
5´ → 3´
EXO ACTIVITY

ROOM
TEMPERATURE
SETUP

REVERSE
TRANSCRIPTASE ACTVITY

INHIBITOR
TOLERANCE

Bst DNA Polymease,
Full Length

**

N/A

N/A

N/A

*

Bst DNA Polymerase,
Large Fragment

N/A

*

N/A

*

*

Bst 2.0
DNA Polymerase

N/A

**

N/A

**

**

Bst 2.0 WarmStart
DNA Polymerase

N/A

**

***

**

**

Bst 3.0
DNA Polymerase

N/A

***

**

***

***

***
**
*

APPLICATIONS

Nick translation reactions at elevated temperatures

General strand-displacement reactions, original polymerase
for LAMP and other diagnostic amplifications
Improved LAMP, SDA, and other amplification reactions

Consistent, room-temperature, and
high-throughput amplification assays
Fastest, most robust LAMP and RT-LAMP reactions.
High reverse transcriptase activity up to 72°C

Optimal, recommended product for selected application
Works well for selected application
Will perform selected application, but is not recommended

N/A Not applicable to this application
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AMPLIFICATION SPEED

Did you know that many of these products
can be purchased in larger volumes? Contact
custom.uk@neb.com to find out more.

WarmStart RTx Reverse Transcriptase
WarmStart RTx Reverse Transcriptase is a unique in silico designed RNA-directed
DNA polymerase coupled with a reversibly-bound aptamer that inhibits RTx
activity below 40°C. This enzyme can synthesize a complementary DNA strand
initiating from a primer using RNA (cDNA synthesis) or single-stranded DNA as
a template. RTx is a robust enzyme for RNA detection in amplification reactions
and is particularly well-suited for use in loop-mediated isothermal amplification
(LAMP). The WarmStart property enables high throughput applications, room
temperature setup, and increases the consistency and specificity of amplification
reactions. RTx contains intact RNase H activity.

Validated for RT-LAMP
WarmStart improves speed and sensitivity in RT-LAMP
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20

5

30

0.1

1

Time (min)

What is WarmStart?
"WarmStart" is the term we use to describe a mesophilic enzyme that is
inactive at room temperature, and activated when the reaction is warmed
above approximately 40°C. NEB currently supplies two enzymes, Bst 2.0
DNA Polymerase and WarmStart RTx Reverse Transcriptase, that have this
property.
For room temperature reaction setup, such as in high-throughput workflows,
we recommend pairing Bst 2.0 WarmStart with WarmStart RTx for RTLAMP. The double WarmStart mixture ensures reproducibility.

Optimization tips for LAMP
•

Use LAMP primer design software (e.g., Primer Explorer –
primerexplorer.jp/e/). Select 2–3 sets for each target and
compare performance in a LAMP assay.

10

100

ng RNA

RT-LAMP reactions with Bst 2.0 WarmStart DNA Polymerase and the indicated reverse
transcriptase were incubated at 65°C with 1 pg – 100 ng of Jurkat total RNA. Reactions were
monitored with real-time fluorescence, and the resulting curves are shown on left, with the
corresponding threshold times on right. WarmStart RTx provides faster reaction threshold
times for improved consistancy and sensitivity with lower input RNA amounts. RT-LAMP
reactions performed with AMV Reverse Transcriptase resulted in inconsistent detection, as
indicated by wide variation at lower RNA input concentrations (blue curves).

Choose from our selection of products for your
isothermal DNA application.
PRODUCT

NEB #

SIZE

PRICE

Bst 3.0 DNA Polymerase

M0374S/L/M

1,600/8,000/8,000 units

£63/£253/£253

Bst 2.0 WarmStart DNA
Polymerase

M0538S/L/M

1,600/8,000/8,000 units

£70/£274/£274

Bst 2.0 DNA Polymerase

M0537S/L/M

1,600/8,000/8,000 units

£63/£252/£252

Bst DNA Polymerase, Large
Fragment

M0275S/L/M

1,600/8,000/8,000 units

£63/£252/£252

Bst DNA Polymease, Full
Length

M0328S

500 units

£66

•

Include loop primers for faster reactions

WarmStart RTx Reverse
Transcriptase

M0380S/L

50/250 reactions

£62/£248

•

Use high magnesium (6–8 mM) and dNTP

Nt.BstNBI

R0607S/L

1,000/5,000 units

£63/£251

(1–1.4 mM) concentrations for best reactions

IsoAmp II Universal tHDA
Kit

H0110S

50 reactions

£335

AMV Reverse Transcriptase

M0277S/L

200/1,000 units

£67/£272

Antarctic Thermolabile UDG

M0372S/L

100/500 units

£66/£264

Deoxynucleotide (dNTP)
Solution Mix

N0447S/L

8/40 μmol of each

£63/£251

Deoxynucleotide (dNTP)
Solution Set

N0446S

25 μmol of each

£153

•

Omit betaine, unless it has a demonstrated benefit

•

Optimize the reaction temperature (60–65°C for Bst LF
and 63–70°C for Bst 2.0/3.0)

•

To prevent contamination, use Bst 3.0 or Antarctic Thermo
labile UDG, which denatures rapidly

®

07

FEATURE ARTICLE ~

Over 40 years in protein expression and
purification – a historical perspective
by Christopher H. Taron, Ph.D., James C. Samuelson, Ph.D., and Lydia Morrison, M.S., New England Biolabs, Inc.

New England Biolabs (NEB) has been integrally involved in expressing and purifying proteins since the dawn of the
recombinant DNA era in the 1970s – whether it be for our own research interests for our manufacturing processes. In 1978,
NEB began screening microorganisms for restriction enzymes. Our scientists remember the challenges involved in purifying
limited amounts of restriction enzymes and other proteins from these native organisms isolated from the environment. The
efforts of NEB scientists to clone, overexpress and purify restriction enzymes from recombinant systems greatly advanced
the field of molecular biology. Many of the original methods used by NEB scientists have endured and have been applied by
countless scientists to study the structure and function of individual proteins. Now NEB scientists are striving to develop faster,
simplified methods for recombinant protein expression and purification which rely on engineered protein expression hosts or
optimized cell-free systems.
The period from 1966-77 saw a series of remarkable scientific breakthroughs. During this time, the
genetic code was correctly interpreted, the first gene
was isolated, and enzymes that both cut DNA at
specific sequences (restriction enzymes) and that paste
DNA pieces together (DNA ligases) were discovered.
These discoveries ultimately enabled the cloning of
the first genes and the creation of the first genetically
modified microorganisms. Finally, in 1977, DNA
sequencing technologies advanced beyond the laborious extension of just a few bases at a time and gave
scientists the ability to unlock the genetic information encoded in any piece of DNA. The remarkable scientific advances of this decade, which made
possible protein overexpression and purification,
forever changed the course of biological and medical
research, and enabled the emergence of the biotech
industry (Figure 1).

NEB was founded in the midst of this era (1974)
with the goal of providing researchers purified
restriction enzymes, DNA ligases and other tools
needed to clone and express genes. Restriction
enzymes were the cornerstone of our early product
offering. At that time, restriction enzymes were purified from bacteria isolated from the environment.
This presented many challenges for commercial-scale
production. For example, native restriction enzymes
are generally not abundantly expressed and must be
purified free from many other nucleases produced by
an organism. Additionally, there were difficulties associated with large-scale culturing of various obscure
microorganisms. Thus, to meet a steadily growing
demand for these molecular tools, and to lower
costs for our customers, NEB turned to recombinant
DNA technology to clone and express enzymes in
the laboratory bacterium, Escherichia coli (E. coli).

This effort resulted in NEB producing some of the
first recombinant enzymes available for commercial
sale, and was the beginning of NEB’s long-tenured
experience with the process of recombinant protein
expression.
Since these early days, recombinant protein expression has been integral to the success of NEB. Over
the past forty years, we have continuously worked
to invent and adopt new expression methodologies
to improve the production of recombinant proteins.
Our expertise has enabled the commercialization
of over 550 recombinant enzymes to date. In this
article, we highlight some of the major innovations in protein expression that have impacted our
company’s journey, with both a historical view and
an eye to the future.

Figure 1:
Advances in DNA Understanding were Foundational for Protein Overexpression*
Niremberg, Mathaei, and Ochoa identify
which codon sequences indicate each of
the 20 amino acids, thereby “cracking
the genetic code” and enabling
advances in genetic engineering.

Shapiero and Beckwith
isolate the first gene.

Paul Berg creates the first
recombinant DNA molecules.

Fred Sanger invents a method for
sequencing DNA, which later enables
researchers to map genomes.

1966

1969

1972

1977

1967

1970

1973

The first DNA
ligase is isolated.

The first restriction
enzyme is isolated.

Cohen and Boyer create first
recombinant DNA organisms.

*Created referencing the National Science Teaching Association’s “Cloning Timeline”.
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Figure 2:
Overview of the NEBExpress™ MBP Fusion and Purification System
(previously known as the pMAL Protein Fusion and Purification System)
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Nickel
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protein
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The target protein is fused to MBP, enhancing solubility and expression, which is followed by
an easy and effective purification strategy.

Early recombinant protein expression
in E. coli
NEB’s interest in recombinant proteins was clearly
evident by 1980. That year, the first recombinant
enzymes were offered for sale. These enzymes were
E. coli DNA Polymerase (Pol I), which was cloned
by Bill Kelly in Noreen Murray’s lab at Edinburgh University, and T4 DNA Ligase, cloned by
Geoff Wilson in the same lab several years earlier.
Dedicated research on protein expression at NEB
also commenced that year – including efforts to
create a vaccine against malaria using recombinant
parasite surface antigens. The cloning and expression methodology being used was quickly adopted
for use with restriction enzymes to increase yields,
enable higher purity, and permit better characterization of restriction enzyme structure and function.
NEB’s early work involved establishing methods
and tools to enable restriction enzyme cloning in
E. coli, which had already become the standard for
cloning and expression, and remains so today (1).
In order to clone foreign restriction-modification
systems in E. coli and over-produce individual
restriction enzymes, it was necessary to characterize
and eliminate the native methyl-dependent restriction systems of E. coli. Many of the key relevant
discoveries were made by NEB scientists, who then
genetically-tailored E. coli strains to be tolerant of
restriction enzymes (2).

Cloning Vectors and Promoters
NEB’s first efforts in cloning used the E. coli
plasmid pBR322, an early plasmid vector made by

reduce the unit price of PstI 20-fold (i.e., supplying
20 times more enzyme for the same price). Following PstI, NEB cloned, overexpressed and sold an
increasing number of restriction enzymes each year,
beginning with EcoRI, HaeII, HindIII, followed by
many more. Today, nearly all of the over 250 restriction enzymes we sell are purified from overexpression clones made at NEB.

Francisco Bolivar and Ray Rodriguez, who were
post-docs in Herb Boyer’s lab at the University of
California, San Francisco. Incidentally, it was Herb
Boyer who discovered EcoRI and demonstrated
that the “sticky” ends it created could join DNA
fragments from different sources, making it the first
restriction enzyme useful for DNA cloning. NEB
used derivatives of pBR322 that carried λPL, a
powerful leftward promoter from bacteriophage
Lambda, which is controlled by temperature (“off”
at 32°C and “on” at 42°C). As pBR322 had only
a moderate copy number (~30-40 copies per
cell), NEB quickly adopted use of the higher copy
number plasmid, pUC19, after its development by
Jo Messing at the University of California Davis.
The pUC19 vector offered multiple cloning sites, a
much higher copy number (~250 copies per cell)
and employed a promoter from the lac operon. In
1984, William Studier of Brookhaven National Labs
developed an inducible T7 promoter system. With
this method, a target gene is cloned downstream
of the T7 promoter that is recognized by T7 RNA
Polymerase (whose gene is integrated into the E. coli
genome in expression strains). This strong promoter
system is often capable of producing heterologous
proteins, comprising up to 50% of total cellular
protein. This approach became popular both at NEB
and throughout the field.
NEB’s internal efforts on recombinant restriction enzymes soon paid off. In 1982, PstI became the first
product cloned and expressed by NEB scientists. The
recombinant strain overexpressed PstI ~100-fold
relative to the native organism. This allowed NEB to

Soon after NEB began producing recombinant restriction enzymes, there was a desire to couple more
facile purification to the expression process. In the
mid-1980’s NEB began research on one of the first
affinity-tagging systems. This approach employed
fusing the gene encoding the E. coli maltose binding protein (MBP) in-frame with the target gene of
interest. The resulting “fusion” protein can then be
purified on amylose chromatography resin and the
fusion tag can be removed using a site-specific protease. This system (the pMAL™ Protein Fusion and
Purification System) was released in 1988 and was
NEB’s first kit that enabled customers to perform
protein expression and purification with the same
system. As an added benefit, it was later discovered
that MBP has the natural ability to significantly
increase the solubility of fused target proteins in
E. coli.
In the following years, the interest around affinity
tags exploded. Additional fusion proteins (e.g., glutathione S-transferase [GST], chitin binding domain
[CBD]) and many small peptide tags (poly-His-,
FLAG-, S-tag-, Strep II- and poly-Arg-) were developed and used. Of these, the most influential was
poly-His-tagging, which was developed by Roche in
the late 1980’s. His-tagged fusion proteins can be recovered using immobilized metal affinity chromatography (IMAC), which typically employs Ni2+ beads
or resin. To the present day, poly-His-tagged protein
expression and IMAC is the most common approach
to affinity-based protein purification, as it tolerates a
wide range of conditions, including the presence of
protein denaturants, high salt and detergents. It can
also be used with many common cell lysis reagents
and a variety of buffer additives.
The removal of an affinity tag/fusion partner from
a purified recombinant protein is commonly performed using digestion with site-specific proteases. A
drawback to this approach is that the released target
protein needs to be purified from the liberated tag
and the protease through additional chromatography
steps. If the fusion partner contains the same affinity
tag as the protease, this simplifies purification of the
target protein. An increasingly popular approach is
to remove both the fusion partner (e.g., 6His-MBP)
and the protease (His-tagged TEV) by a single IMAC
capture step. This technique is employed in the
NEBExpress MBP Fusion and Purification System
(Figure 2).
Another NEB approach to affinity protein purification involved the use of auto-splicing protein
domains called “inteins”. An intein was first
continued on page 10...
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Figure 3:
Expression of protein with multiple disulfide bonds using SHuffle® Competent E. coli
DsbC
DsbC enhances
capacity for
correct folding

Incorrectly-folded
proteins

Protein
Wild Type E. coli

Correctly-folded
protein
SHuffle E. coli

Disulfide bond formation in the cytoplasm of wild type E. coli is not favorable, while SHuffle
is capable of correctly folding proteins with multiple disulfide bonds in the cytoplasm.

described in 1988 in the context of protein splicing.
In 1990, the first proof was provided that defined
an intein as a protein domain that can catalyze its
own excision from a protein. NEB researchers were
studying inteins due to their presence in certain
hyperthermophilic DNA polymerases, and described
the intein reaction mechanism. Soon after, this
research converged with protein expression and
resulted in a new intein-mediated strategy for fusion
protein removal without the need for protease cleavage. In this approach, E. coli expression of a target
protein carrying an intein-chitin binding domain
(intein-CBD) tag permits one-step purification using
chitin resin. Upon passage of a cell lysate over chitin
resin, the fusion protein becomes immobilized, after
which the target protein can be released from CBD
by inducing intein auto-cleavage with addition of
a thiol-containing buffer or by pH shift. This work

Figure 4:
Western analysis of 6-His tagged Brugia
malayi protein
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was commercialized as NEB’s IMPACT™ (Intein Mediated Purification with an Affinity Chitin-binding
Tag) Kit in the late-1990s (3).

Solving Protein Expression Problems
As NEB has grown, so has our need to express
classes of proteins outside of restriction enzymes.
This has presented new challenges – as not all proteins express well, or at all, in E. coli. In addition to
offering the popular BL21 and BL21(DE3) expression strains, NEB has focused on solving expression
of “difficult” proteins. We have sought to improve
the ability of E. coli to express various challenging
proteins, including those with multiple disulfide
bonds, with transmembrane domains, or that are
toxic to the host.
Expressing Proteins Containing Disulfide Bonds
Disulfide bonds are post-translational covalent linkages formed by the oxidation of a pair of cysteines.
Native disulfide bonds increase the stability of a
protein and are often found in proteins that reside
outside the chaperone rich environment of the
cytoplasm, such as secreted peptides, hormones,
antibodies, interferons and extracellular enzymes.
When proteins are expressed in E. coli, it can be
difficult for them to fold correctly. In 2009, NEB
commercialized SHuffle® expression strains, which
are engineered to support correct folding of proteins
with multiple disulfide bonds in the cytoplasm
(Figure 3). These strains constitutively express DsbC
disulfide isomerase within the cytoplasm to promote
the correction of mis-oxidized proteins (4).
Membrane or Toxic Protein Expression

I = insoluble
S = soluble

0

0

250 500 750 1,000 2,000
Rhamnose (µM)

A) B. malayi protein expressed at 20°C in BL21(DE3).
B) Soluble fractions of B. malayi protein expressed at
30°C in BL21(DE3) or Lemo21(DE3).
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Expression of membrane proteins is challenging
for most heterologous systems, and often results
in protein aggregation and misfolding due
to the hydrophobic nature of transmembrane
segments. When working with E. coli as a host, it
is advantageous to express membrane proteins in
moderation to avoid saturation of the membrane
protein biogenesis pathway. NEB’s Lemo21(DE3)

Competent E. coli strain was designed for tunable
protein expression to achieve optimal assembly of
transmembrane proteins or the optimal folding of
soluble proteins (Figure 4) (5).
In cases where the heterologous protein is toxic to
cells, tightly controlling gene expression can improve
host viability by maintaining expression levels of a
toxic target protein just below a host strain's tolerance. In strong T7 promoter-based systems, an effective means to control expression is to employ a host
strain that expresses a T7 RNA Polymerase inhibitor
protein (LysY) as in NEB’s Lemo21(DE3) or T7
Express lysY/Iq strains (see page 8 for details).
To express a highly toxic protein, it may be necessary to employ a cell-free expression system: NEB’s
PURExpress® In Vitro Protein Synthesis Kit is
reconstituted from purified components necessary for
E. coli translation (see page 6 for details). This kit can
also be used with the PURExpress Disulfide Bond
Enhancer to improve protein folding. Alternatively,
the NEBExpress™ Cell-free E. coli Protein Synthesis
System utilizes a cell lysate which provides highlevel expression of target proteins from linear or
plasmid DNA templates (see page 5 for details).

The Future of Protein Expression
The protein expression field is constantly evolving. Applications such as protein engineering and
synthetic biology are driving the field toward high
throughput protein expression. Scientists now desire
to test hundreds, if not thousands, of expressed proteins in a single day to quickly narrow their focus to
the most interesting variants. As the standard method
of cloning, vector introduction into a host strain, and
cell propagation takes multiple days, it is becoming
clear that cell-free protein expression, which can be
accomplished in as little as one hour, will become
increasingly important in the coming years. Just as in
vivo protein expression started from humble beginnings and has progressed to highly engineered host
strains and regimented bioprocessing, we anticipate
a similar revolution in cell-free protein expression systems. A new generation of NEB scientists
are dedicated to advancing cell-free expression by
engineering novel cell lines, developing improved
cell-free system manufacturing processes (such as
those employed for PURExpress or NEBExpress),
optimizing cell-free system formulations and exploring the potential for system scale up for production
of milligram to gram quantities of protein.
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NEW PRODUCTS

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 40 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
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Advantages:
• 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
•R
 eactions can be miniaturized or scaled up to yield mg quantities of protein

25

Applications:
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.

•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

Related products include . . .

Ordering Information . . .

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.

PRODUCT

NEB #

NEBExpress Cell-free E. coli Protein
Synthesis System

E5360S
E5360L

NEBExpress Ni Spin Columns: ready-to-use columns can purify ≥ 1 mg of His-tagged
protein in as little as 15 minutes.

RELATED PRODUCTS

NEBExpress Ni Resin: can be used in gravity or pressure flow columns, and batch
purifications.

NEBExpress GamS Nuclease Inhibitor

P0774S

75 µg

£83

TEV Protease

P8112S

1,000 units

£94

NEBExpress Ni Spin Columns

S1427S
S1427L

10 columns
25 columns

£92
£184

NEBExpress Ni Resin

S1428S

25 ml

£285

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.

SIZE
10 rxns
100 rxns

PRICE
£133
£1100
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Climate change under the microscope
Written by Joanne Gibson, Ph.D., New England Biolabs and background photograph by Rick Cavicchioli.

When we think about climate change, we might
think about polar bears on melting ice, the effect of
ocean acidification on reef ecosystems, or threats to
the global food supply, but how often do we ponder
the impact of climate change on microorganisms?
And conversely, the effect that microorganisms have
on climate change? How much could tiny, invisibleto-the-naked-eye microorganisms matter in the enormous global issue of climate change? The answer
is – they matter A LOT! Microbiologists know this,
and they know that the world is not paying enough
attention to microorganisms, so they have issued a
warning to humanity:

“The impact of climate change
will rely heavily on the responses
of microorganisms”
We know that human activity is responsible in large
part for climate change. The downstream effects of
increased CO2 (and other greenhouse gases) and
warmer environments is an unprecedented increase
in the rate of plant and animal extinction. Much
research goes into studying extinction, and the
threat of extinction of many larger plants and animals, as well as the ripple effects that this can cause
throughout the ecosystems that they inhabit. What
is not well studied is the community of microorganisms that underpin all of these ecosystems. Thus,
changes to the diversity of microbial populations
and the impact this will have on the resilience of
other organisms are unknown.
Life on Earth evolved from microorganisms, and
they are essential for sustaining a healthy global
ecosystem; they exist in every ecosystem on Earth
that is occupied by macroorganisms, as well as
in niches where no larger organisms are found.
Microorganisms occupy both terrestrial and marine
environments, and they both contribute to climate
change and mitigate it.
Microbes represent 90% of the biomass in Earth’s
oceans. Marine phytoplankton sequester as much
CO2 as all terrestrial plants even though they make
up only 1% of the global plant biomass. Marine microorganisms are also responsible for the cycling of
other elements, such as nitrogen, and they produce
and consume CH4 on the seafloor. Additionally,
marine microorganisms recycle nutrients, which
subsequently enter the food web and release CO2
to the atmosphere.
Terrestrial microorganisms have the potential to
contribute to a climate change solution: plants absorb CO2 from the atmosphere, and microorganisms

convert the atmospheric carbon into soil carbon
through the carbon cycle. Here, they decompose organic matter and release nutrients for plant growth
as well as CO2 and CH4 into the atmosphere. Soil
has the potential to act as a carbon sink; however,
the topsoil that can help solve the climate crisis
is rapidly disappearing due to modern, intensified farming practices. There is hope among soil
scientists that proper land management practices
can rebuild topsoil and return much of this carbon
to the soil.
Microorganisms release a massive amount of CO2 to
the atmosphere through natural processes. However,
there has always been a balance in CO2 cycling
between the biosphere and atmosphere – or there
was before humans started burning fossil fuels at a
rate that is severely disproportionate to the rate at
which they are formed. Our knowledge of carbon
fluctuation is incomplete because current climate
change models do not include changes to microbial
communities and the processes they perform in
response to increased atmospheric CO2 and warmer
temperatures. Microorganisms are not considered in
climate change policy development, and so the rate
of carbon flow through the atmosphere, biosphere
and oceans is no longer predictable. Questions we
need to start asking are:
• What will be the response of microorganisms?
• How adaptable are microorganisms?
• Will microbial communities undermine a sustainable future because of their responses to the
drastic changes occurring to global ecosystems?
Is this lack of attention a case of “out of sight,
out of mind”? Scientists from Australia, Europe,
USA and Canada have rallied together to form a
consensus statement that essentially puts humanity
on notice: pay attention because the response of microorganisms to climate change will largely impact
the extent to which we will be affected (1).
These scientists emphasize that we need to recognize the importance of microorganisms as the
support system of the biosphere; we need to form
models that incorporate microorganisms which will
enable us to better understand their current role and
make predictions about how they will be affected in
the future and how this will consequently affect us.
Specifically, they are calling for:

– E
 xperimental design that accounts for environmental variables and stresses (biotic and abiotic) that
are relevant to the microbial ecosystem and climate
change responses.
– I nvestigation into the physiological, community and
evolutionary microbial responses and feedbacks to
climate change.
– A
 focus on microbial feedback mechanisms in the
monitoring of greenhouse gas fluxes from marine
and terrestrial biomes, as well as agricultural, industrial, waste and health sectors and investment in
long-term monitoring.
– I ncorporation of microbial processes into ecosystem
and Earth System models to improve predictions
under climate change scenarios.
– The
 development of innovative microbial technologies to minimize and mitigate climate change
impacts, reduce pollution, and eliminate reliance on
fossil fuels.
– T
 he introduction of teaching microbiology in school
curricula, including the personal, societal, environmental and sustainability relevance, to achieve
a more educated public and appropriately trained
scientists and workforce.

– Explicit consideration of microorganisms for the development of
policy and management decisions.
– A
 recognition that all key biosphere processes rely
on microorganisms and are greatly affected by
human behavior, necessitating an integration of
microbiology in the management and advancement
of United Nations Sustainable Development Goals.
Concerned scientists worldwide urge humanity to
improve literacy regarding microorganisms with a view
to understanding, inspiring curiosity and ultimately
formulating some general principles and theories about
the role of microorganisms and their response to environmental variables that contribute to climate change.
Most microorganisms are incredibly adaptable because
of their large population sizes and rapid asexual
generation times; however, until we include them in
our climate change predictions, the accuracy of these
models is called into question.

– G
 reater recognition that all multicellular organisms, including humans, rely on microorganisms
for their health and functioning.

To learn more, visit the Microbiologists’ Warning
(www.babs.unsw.edu.au/research/microbiologistswarning-humanity) and read the Consensus Statement
(www.nature.com/articles/s41579-019-0222-5)

– T
 he inclusion of microorganisms in mainstream
climate change research, particularly research
addressing carbon and nitrogen fluxes.
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