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Ultra II

Even more from less.
NEBNext Ultra II
DNA Library Prep
Are you challenged with trying to
get higher library yields using everdecreasing input amounts? Each
component in the NEBNext Ultra II
DNA Library Prep Kit from NEB has
been reformulated, resulting in a
several-fold increase in library yield
with as little as 500 picograms of
input DNA. These advances deliver
unprecedented performance, while
enabling lower inputs and fewer
PCR cycles. Get even more from
less with NEBNext Ultra II.
An important measure of the success of
library preparation is the yield of the final
library. Optimization of each reagent in the
library prep workflow enables substantially

advantages
• G
 et more of what you need, with the
highest library yields
• U
 se to generate high quality libraries,
even when you have only limited
amounts of DNA, with inputs as low
as 500 pg
• Improved library complexity with fewer
PCR cycles
• P
 repare libraries from all of your
samples, including GC-rich and FFPE
samples
• S
 ave time with streamlined
workflows, reduced hands-on
time, and automation compatibility
• E
 njoy the flexibility of kit or module
format products

FIGURE 1: The NEBNext Ultra II DNA Library Prep Kit produces the highest
yield libraries from a broad range of input amounts
Libraries were prepared from Human NA19240 genomic DNA using the input amounts and number of PCR cycles shown.
Manufacturers’ recommended protocols were followed, with the exception that size selection was omitted.
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The efficiency of the End Repair, dA-Tailing and
Adaptor Ligation steps during library construction
can be measured separately from the PCR step by
performing qPCR quantitation of adaptor-ligated
fragments prior to library amplification. This
enables determination of the rate of conversion
of input DNA to adaptor-ligated fragments, or
sequenceable molecules. Therefore, measuring
conversion rates is another way to assess the
efficiency of library construction and also provide
information on the diversity of the library. Again,
NEBNext Ultra II enables substantially higher rates
of conversion as compared to other commercially
available kits.

FIGURE 2: NEBNext Ultra II produces the highest rates of conversion
to adaptor-ligated molecules from a broad range of input amounts.
Libraries were prepared from Human NA19240 genomic DNA using the input amounts and library prep kits shown without an
amplification step, and following manufacturers’ recommendations. qPCR was used to quantitate adaptor-ligated molecules, and
quantitation values were then normalized to the conversion rate for Ultra II. The Ultra II kit produces the highest rate of conversion to
adaptor-ligated molecules, for a broad range of input amounts.
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higher yields from the NEBNext Ultra II kit as
compared to other commercially available kits.
Achieving yields for high quality cluster generation
and sequencing from very low input amounts
can be challenging, a fact compounded by the
preference to amplify the library using as few PCR
cycles as possible. NEBNext Ultra II overcomes this
challenge, and users can now obtain higher library
yields with lower inputs.
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ORDERING INFORMATION:

Interested in learning more?
Visit NEBNextUltraII.com to learn more about how
NEBNext Ultra II addresses low input amounts and
challenging sample types. While you are there, you can
also request a sample and download our technical note.

PRODUCT

NEB #

SIZE

PRICE

NEBNext Ultra II DNA Library Prep Kit for Illumina

E7645S/L

24/96 reactions

£438/£1,661

NEBNext Ultra II End Repair/dA-tailing Module

E7546S/L

24/96 reactions

£198/£669

NEBNext Ultra II Ligation Module

E7595S/L

24/96 reactions

£321/£1,115

NEBNext Ultra II Q5 Master Mix

M0544S/L

50/250 units

£92/£368

FEATURED TOOL

Find recommended NGS sample
prep products easily for your
sample type and platform
Easily identify which step
in the library preparation workflow
reagents are suitable for
Quickly find additional
resources to help with
successful library preparation
Easy access to neb.com
for ordering

FEATURE ARTICLE by Elizabeth Young, Ph.D., Fiona Stewart, Ph.D. and Eileen Dimalanta, Ph.D.

The Quantitation Question: How does
accurate library quantitation influence sequencing?
The determination of the number of sequencing-ready molecules present after
library preparation is an important step in the next generation sequencing (NGS)
workflow and has a strong influence on the success of both a sequencing run and
a sequencing-based experiment. Before selecting the quantitation method you’ll
use, it can be helpful to understand what happens to a library during sequencing,
and exactly what quantitation does and does not tell you.
A typical NGS workflow starts with library preparation and ends with sequencing
and data analysis; each of these steps is of critical importance to the quality and
reproducibility of the sequencing data. However, between library preparation and
sequencing is, perhaps, one of the less-discussed steps in the NGS workflow:
library quantitation.
WHY DO I NEED TO QUANTITATE
MY LIBRARY?

and their interactions with the samples you’ll
be sequencing.

There are two primary reasons that libraries must
be quantitated.

For the purposes of this article, we’ll focus on
the chemistries that underlie the popular (and
market leading) Illumina sequencers, although
library quantitation is an important step for
sequencing on any platform.

 he chemistries that underlie Illumina
1 T
sequencing require an optimal amount of
adaptor-ligated DNA fragments to be loaded
into the cluster generation step, for example
6-10 pM for the MiSeq® instrument
(v3 chemistry).
2 I f multiple libraries are sequenced in one run,
it is desirable for the sequence coverage to be
equal for each library, and therefore an equal
amount of each library should be moved into
the cluster generation step.

What happens to your library during
sequencing?
To fully understand the importance of accurate
library quantitation before sequencing, it is first
necessary to understand sequencing chemistries

Building bridges & counting clusters
Core components of Illumina’s sequencing technology are its flow cells and their cluster-generating capabilities. Illumina’s sequencers are based
on optical detection of DNA clusters that form
on the glass flow cell, a phenomenon enabled
by a dense lawn of primers pre-immobilized to
the flow cell channel. As you add your library to
the flow cell, the single-stranded, adaptor-ligated
fragments hybridize to the immobilized primers
studded across the flow cell. This step is where
the accuracy of your library quantitation is put
to the test.
Cluster generation then occurs: each hybridized

FIGURE 1:
Optimal cluster density enables efficient & accurate quantitation
The density of library clusters as they form on the flow cell prior to sequencing is a key factor in the success of a sequencing run. Low concentration libraries (Left) fail to make optimal use of the space, while high concentration libraries (Right) lead to densely packed clusters that are
difficult to call. Optimal cluster density (Center) makes the best use of flow cell real estate, without over crowding. Representative optical data
generated during sequencing depicts variation in cluster densities as shown in the insets.
Under-clustered

Optimally clustered

Over-clustered

molecule undergoes multiple rounds of amplification to produce up to 1,000 copies of the
same molecule in the same location on the flow
cell: a “cluster”, whose diameter is 1 micron or
less. For more details on cluster generation, visit
Illumina.com.
The amount of DNA initially loaded onto the
flow cell directly influences the density of the
clusters that form. Too little DNA and the
clusters are likely to sparsely populate the flow
cell. Too much DNA and the clusters will be too
close together, making it difficult to interpret
the sequencing data due to poor resolution,
and resequencing of libraries will be required
(Figure 1). Illumina’s recommended input ranges,
which differ depending on the specific Illumina
instrument, help to ensure that the clusters forming on the flow cell have sufficient resolution,
without wasting valuable flow cell space.

A deeper dive into equivalent
representation
When you pool libraries, you increase the
value of each sequencing run by increasing the
number of samples that can be sequenced in a
single run. However, if libraries are combined
in unequal concentrations, this leads to biased
representation of certain libraries over others. In cases where libraries are significantly
under-represented, these libraries will need to be
resequenced, costing time and money. Over-representation of libraries can result in generation
of more sequence data than required, and the
subsequent discarding of sequence reads, wasting
sequence capacity.
Figure 2 (next page) is an example of uneven
library pooling resulting in uneven sequence
coverage and the need to resequence. With
16 libraries in this pool, each library should
theoretically have 6.25% of the sequence reads.
However, this is not the case, and some of the
libraries, such as libraries 5 and 15, would need
to be resequenced.

Why do my library fragments need to be
adaptor-ligated?
Sequences required downstream of library
preparation, such as those for cluster generation
and sequencing, must be added to the DNA
fragments to be sequenced, and this is the
primary goal of library preparation. In PCR-free
library preparation workflows, all of the required
sequences must be included in the adaptor
sequence. In workflows including amplification,
some of the sequences, including the sequences
required for cluster generation (indicated by P5
and P7 in Figure 3, next page), can be added
during PCR instead.
Only fragments that have a P5 sequence at one
end and a P7 sequence at the other are capable
of participating successfully in cluster generation.
Therefore, ideally, only fragments to which both
of these sequences have been attached should be
counted during a library quantitation step.
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FIGURE 2: Uneven pooling
of libraries yields uneven
sequence coverage
Inadequate or uneven pooling of libraries can result in suboptimal
data, and even lead to the need for library resequencing, as seen
with library #5.

However, in addition to the desired fragments with
an adaptor at both ends, libraries may also contain
fragments that have no adaptors, one adaptor or
adaptor-dimers. Fragments with no adaptors or one
adaptor ligated will not form clusters. Adaptordimers will efficiently cluster, but contain no DNA
of interest (Figure 4, page 6).

HOW SHOULD I QUANTITATE MY
DNA LIBRARY?

FIGURE 3:
Adaptor ligation workflow

Simply put, library quantitation refers to a variety
of methods for determining the number of nucleic
acid molecules present in a specific volume of your
library. Unlike other molecular biology techniques,
where the recommended input range is broad and
forgiving, the basic chemistry of NGS requires
that a narrow input range of library fragments
be further prepared for sequencing. Therefore,
quantitation must be precise. It’s also important to
consider whether you’re quantitating productive
library molecules – ones that will be (clustered
and) sequenced – or if you’re simply quantitating total DNA or even total nucleic acid. Accurate
quantitation of a library is essential for optimal
sequencing outcomes, so choosing the right quantitation method may mean the difference between
a successful run and a sub-optimal, or even failed,

run, meaning the library will then need to be
adjusted and resequenced – an expensive and
time-consuming proposition.
When choosing a quantitation method, there
are many important considerations, including
accuracy, throughput and cost. Several
common methods are compared (Table 1)
and discussed below.

WHAT ABOUT
SPECTROPHOTOMETRIC
RATIOS AND FLUOROMETRIC
QUANTITATION?
Due to their utility in multiple molecular
biology applications, many labs already have
spectrophotometers and fluorometers, and these
enable relatively low cost quantitation.
For quantitating nucleic acid, spectrophotometers assess the amount of UV light absorbed
by the sample at two wavelengths, 260 nm
and 280 nm. A ratio of the absorbance values
can then be used to determine whether or not
the sample has contaminating proteins. The
260/280 ratio of a purified DNA sample should
be between 1.7 and 1.9. Spectrophotometers are
continued on page 6 . . .

The stepwise addition of the sequences P5 and P7 and the barcode
(BC) can be achieved during PCR amplification of the library.
P7

BC
5´

3´
3´

3´
5´

5´

P7

3´

5´
3´

3´

5´

When choosing a quantitation method there are many important considerations, including cost, throughput and accuracy.

METHOD
Spectrophotometry
(260/280)

5´

BC

EXAMPLE
NanoDrop™

5´

✗ Not specific for DNA

5´

✗ Cannot determine
fragment sizes
Fluorimetry

Qubit®

5´

This method measures the
enhanced fluorescence of a
dye upon binding to DNA/
macromolecules.

5´

3´

3´
5´

3´

3´
5´

5´

BENEFITS/LIMITATIONS
✓ Low cost, as most laboratories
already have access to UV/vis
spectrophotometers
✗ Results can be skewed by RNA or
protein contamination

3´
3´

BRIEF DESCRIPTION
This method detects the
absorption of UV light by
the macromolecules in the
sample.

5´

3´

3´

TABLE 1: Comparison of common library quantitation methods

3´

5´
3´

P5

5´

5´
3´

3´
5´

5´
3´

3´
5´

5´
3´

3´
5´

5´
3´

3´
5´

✓ Low cost, as most laboratories
already have access to
fluorimeters
✓ Can quantitate specifically dsDNA,
ssDNA, RNA or protein
✗ Quantitates all nucleic acid present
in sample, not just molecules to
be sequenced
✗ Cannot determine
fragment sizes

Electrophoretic

Bioanalyzer®,
TapeStation®,
Fragment
Analyzer™

This method relies on
✓ Accurate determination of
capillary electrophoresis
fragment size distribution
of DNA fragments for size
✗ Less reliable quantitation
estimation, as well as
intercalating dyes for quantity ✗ Requires expensive equipment
determination.

Quantitative PCR
(qPCR)

NEBNext

This method measures
fluorescence of a dye bound
to dsDNA at each PCR
cycle, quantitating relative to
included standards.

✓ Most accurate
quantitation method
✗ More expensive
✗ Cannot determine
fragment sizes

BC = Barcode
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FEATURE ARTICLE continued...

FIGURE 4:
Adaptors are the hallmark
of productive molecules
Only library fragments containing both a P5 and a P7 adaptor will
result in a flow-cell cluster. Other molecules are insufficient for
cluster formation or contain no DNA of interest, so efforts should
be made to exclude them from quantitation.
Forms clusters
P5

P7

5´
3´

3´
5´

Fragment with both adaptors
5´
3´

3´
5´

Adaptor dimers
Does not form clusters
5´
3´

3´
5´
5´
3´

3´
5´

Fragment with one adaptor
5´
3´

can be formatted to look like the familiar banding pattern of gel electrophoresis or as a graph
(a “trace”). On-chip electrophoresis enables
faster, more standardized quantitation of nucleic
acid samples than standard slab gel electrophoresis, with much smaller sample amounts.
Overall, electrophoretic instruments are exceptionally useful tools for library quantitation,
and they are a part of many laboratories’ NGS
workflows. Electrophoretic methods are able to
determine both the average library size and the
size distribution of the library (important as a
tight size range is generally more desirable than
a broad size range). Still, electrophoresis-based
quantitation of NGS libraries is not as accurate
or consistent as qPCR-based methods, and is
not specific for adaptor-ligated fragments. Additionally, electrophoresis-based methods are
not sufficient for quantitating PCR-free library
construction, as there is no PCR enrichment
of adaptor-ligated molecules and they cannot
discern between adaptor-ligated DNA molecules
and unligated molecules.

qPCR: What’s in a name?
3´
5´

Fragment with no adaptors

great at estimating the total amount and relative
purity of nucleic acid in solution, but they can’t
provide information about fragment size, and
they can be confounded by an abundance of
either RNA or protein in the sample.
Fluorometers, unlike UV-Vis spectrophotometers,
rely on nucleic acid-specific dyes to assess the
amount of nucleic acids in the sample. In this
way, they avoid the pitfalls of spectrophotometry, and can specifically quantitate dsDNA,
ssDNA, RNA, or protein, depending on the dye
used. However, they too are limited to gathering
data about the entire complement of dsDNA or
ssDNA in the sample, and not just molecules that
will be sequenced.
It is generally recommended not to use only
spectrophotometry, fluorometery, or even a
combination of the two as your sole quantitation
method before sample loading.

As the name implies, qPCR (or quantitative
PCR) can provide an additional level of information about your library. Beyond simply reporting the total amount of DNA in your sample,
qPCR-based library quantitation uses specific
primers that hybridize to the adaptor sequences
and, therefore, measures only molecules with
adaptor sequences at both ends. This added
specificity ensures that the fraction of the library
loaded onto the sequencer contains the expected
number of adaptor-ligated molecules. As described above, exact titration of adaptor-ligated
DNA molecules is important for NGS as only
molecules with an adaptor on each end can be
successfully processed through the sequencing
workflow. The quantity of the library is determined by comparing to a standard curve generated from DNA standards (known concentrations
of DNA of a known size), followed by a simple
calculation to account for any difference in size
between the library being measured and the
DNA standards. Methods such as electrophoretic
analysis, described above, are useful for library
size determination.

qPCR-based methods, which quantitate DNA
sequences that are attached to adaptors, will also
quantitate adaptor-dimers (e.g., two ligated adaptors without any intervening library sequence).
The presence of excessive adaptor-dimers in
your library can skew your quantitation, but if
this situation is suspected, running the sample
on a Bioanalyzer or similar instrument will be
informative. Frequently, qPCR-based quantitation methods and electrophoretic methods are
used in parallel, to determine both the quantity
and quality of your library.
Specific details on the use of qPCR-based library
quantitation are available in the product manual
for the NEBNext Library Quant Kit for Illumina
which can be downloaded at www.neb.com/
E7630. More information can also be found in
our application note on page 11.

THE BIG PICTURE
So, which method for library quantitation is
right for you? Your answer will depend on
a number of factors that are specific to your
situation, including your laboratory’s preferred
DNA quantitation method, the tools you have
available, your source material, and the size and
scope of your experiment. No matter which
platform you’ll be sequencing on, it is important
to accurately determine the amount of sequenceready DNA present. As we’ve described, accurate
quantitation makes a meaningful difference in
the quality of the data you’ll create and the
overall value of your experiment, by ensuring
generation of optimal cluster densities and the
equivalent representation of multiplexed libraries
when pooling.
Using a qPCR-based approach, as we’ve just
reviewed, ensures the most accurate quantitation, providing optimal conditions for Illumina’s
sequencing chemistries. To make NGS library
quantitation more accurate and reproducible, New England Biolabs® (NEB®) offers the
NEBNext Library Quant Kit for Illumina. This
qPCR-based kit is compatible with a broad
range of library insert sizes and GC content, and
has a user-friendly workflow.

What can electrophoretic methods/
instruments tell me?
Electrophoretic instruments, such as the Agilent
Bioanalyzer, TapeStation, and AATI Fragment
Analyzer, provide valuable data in a variety
of forms. The output of these instruments is a
visualization based upon laser excitation of an
intercalating dye during the sample’s passage
through a chip matrix, and measurement of the
time taken to travel through the matrix. The data
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ORDERING INFORMATION:
PRODUCT

NEB #

NEBNext Library Quant Kit for Illumina

E7630S/L

SIZE

PRICE

100/500 reactions

£92/£388

Count on it.
Introducing the NEBNext
Library Quant Kit for Illumina
Accurate quantitation of next generation sequencing libraries
is essential for maximizing sequencing data output and quality.
The NEBNext Library Quant Kit for Illumina is a qPCR-based

With the NEBNext Library Quant Kit, optimal cluster density is achieved
from quantitated libraries with a broad range of library size and GC content.
Input: R. palustris H. influenzae

method that delivers higher consistency and reproducibility

E. coli

Jurkat

Jurkat

E. coli

H. influenzae

GC Content:

65%

38%

51%

41%

65%

38%

65%

41%

51%

38%

Library Size (bp):

310

311

341

633

638

656

900

946

958

963

of quantitation than other currently available methods. With
you can count on your quantitation values, every time.

100

qPCR Quant (nM)

optimized kit components and a more convenient protocol,

R. palustris H. influenzae R. palustris

50

0
1,200

Cluster Density (k/mm2)

visit www.neb.com/E7630

Target Density

To learn more and request a sample,

800

400

0

Libraries of 310–963 bp from the indicated sources were quantitated using the NEBNext Library Quant Kit, then
diluted to 8 pM and loaded onto a MiSeq® (v2 chemistry; MCS v2.4.1.3). Library concentrations ranged from
7–120 nM, and resulting raw cluster density for all libraries was 965–1300 k/mm2 (avg. =1199). Optimal cluster
density was achieved using concentrations determined by the NEBNext Library Quant Kit for all library sizes.

Being conscious of the need
for a “greener” laboratory
Environmental stewardship is one of the founding principles of NEB. By promoting
sound ecological practices and environmental sustainability, NEB helps to ensure
the protection and preservation of natural resources, both locally and globally. We
continuously strive to improve our business processes in order to minimize and, wherever
possible, mitigate our impact on the environment. Examples of these initiatives include:
• E
 stablishment of a LEED®-certified (Leadership in Energy and Environmental Design)
laboratory and production facility
• Implementation of a state-of-the-art Solar Aquatics System™ that utilizes and
accelerates the process found in streams and wetlands to treat the campus’
wastewater, making it clean enough for groundwater recharge
• Pioneering the first shipping box recycling program over 30 years ago, effectively
diverting unnecessary packaging from landfills
• Utilization of recycled paper and soy-based inks for all NEB publications and
marketing materials. In fact, the NEB Catalog is the first CarbonNeutral® certified
catalog produced in the United States.
• A
 vailability of cafeteria composting and extensive recycling programs for
NEB employees.

In line with these company principles,
NEB scientists are always mindful of the
fact that daily work in the laboratory can
generate significant amounts of waste.
Simple changes in our lab practices can
reduce our impact on the environment. It
is in this spirit that NEB has sponsored
Labconscious, an open community for
researchers to share ideas, protocols
and best practices that help reduce the
environmental footprint of bench science.
It is our hope that Labconscious will
become an educational platform and
resource repository that will connect
companies and brands with end users,
and be used to identify greener processes
and products. Together, we can try to
make a better world with better labs.

Start the discussion today!

labconscious.com
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LOOP-MEDIATED

FEATURED PRODUCTS

Isothermal Amplification
LAMP (loop-mediated isothermal
amplification) 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 levels 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 realtime measurement and high-throughput
instruments.

OVERVIEW OF LAMP
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c

F1

5´

5´

Exponential Amplification

Validated for LAMP

Bst 3.0 DNA Polymerase

FIGURE 1: Fast, single-enzyme RT-LAMP can be performed using Bst 3.0
without additional reverse transcriptase
RT-LAMP (reverse-transcriptase 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 DNA Polymerase and WarmStart RTx Reverse Transcriptase (WS RTx),
but robust amplification was also observed using Bst 3.0 without additional RT. Bst DNA Polymerase, Large Fragment (Bst LF), Bst 2.0 DNA Polymerase
and competitor enzymes showed highly variable performance, with slow threshold times or reaction failure on one of the two targets.
RT-LAMP: ACTB

RT-LAMP: HMBS2
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Detection of RNA targets is accomplished
by simple addition of a reverse transcriptase
to the LAMP reaction (e.g., WarmStart® RTx
Reverse Transcriptase, NEB #M0380), or by
use of a DNA polymerase with RT activity
(e.g., Bst 3.0 DNA Polymerase), with
RT-LAMP performed as a true one-step,
isothermal workflow.

Bst 3.0 DNA Polymerase (NEB #M0374)
is an in silico-designed homolog of Bacillus
stearothermophilus DNA Polymerase I, Large
Fragment (NEB #M0275), 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.

B2

40

Time (minutes)
Bst 3.0

Bst 2.0

Bst LF

GspSSD

OmniAmp®

60

Validated for RT-LAMP

WarmStart RTx
Reverse Transcriptase

FIGURE 1:
WarmStart improves speed and sensitivity in RT-LAMP
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 resulting curves are shown (left), with corresponding threshold
times (right). WarmStart RTx provides faster reaction threshold times for improved consistency 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).
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cDNA synthesis was performed for 10 minutes, followed by qPCR
analysis. Resulting Cts were normalized to a “no RT” control for 0%
activity and fastest Ct for 100% activity. WarmStart RTx is inhibited
by a reversibly bound aptamer at temperatures below 40°C, and is
fully active at temperatures 42°C and higher.
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0.0
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FIGURE 2: WarmStart control
of WarmStart RTx

WarmStart RTx

0.5

Normalized RFU

WarmStart RTx Reverse Transcriptase (NEB
#M0380) 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. 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.

1

10

100

ng RNA

ORDERING INFORMATION:
PRODUCT

NEB #

SIZE

PRICE

Bst 3.0 DNA Polymerase

M0374S/L/M

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

£56/£225/£225

Bst 2.0 WarmStart DNA Polymerase

M0538S/M/L

1,600/8,000 units

£61/£245/£245

Bst 2.0 DNA Polymerase

M0537S/M/L

1,600/8,000 units

£56/£225/£225

Bst DNA Polymerase, Large Fragment

M0275S/M/L

1,600/8,000 units

£56/£225/£225

Bst DNA Polymerase, Full Length

M0328S/L

500/2,500 units

£59/£237

WarmStart RTx Reverse Transcriptase

M0380S/L

50/250 rxns

£55/£221

60

40

Interested in learning more?

20
WarmStart RTx
RT-PCR
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40
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Temperature (°C)

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.

Interested in learning how NEB
scientists are using isothermal
amplification in their research?
Visit www.neb.com/IsothermalAmplification
to find videos, protocols and recent
articles, including a recent publication
from NEB scientists, describing a
pH-sensitive isothermal detection
method. While you are there, download
our latest Isothermal Amplification brochure.
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Immune checkpoints and their role in cancer – Part 1
The last few years have witnessed an explosion in the study of tumour immune resistance and the mechanisms of how tumours
exploit the immune system’s inhibitory pathways. Under normal conditions, these inhibitory pathways or immune checkpoints
moderate immune responses against the host’s own tissues, thereby preventing autoimmunity disorders or excessive tissue
damage as a result of infection. Such research has particularly focussed on T cells since it is those and their diverse subsets
that are largely responsible for coordinating immune responses or even for directly killing foreign antigen-presenting cells. In
this and the next issue of NEB expressions, we will introduce a few of the protein receptors and their ligands that elicit such
inhibitory responses on T cells.

TIM-3
IM-3, also known as HAVCR2, TIMD3, HAVcr-2, is an inhibitory molecule
that is induced following T cell activation. It is expressed on both exhausted CD8 T cells and regulatory T cells, two key immune cell populations
that constitute immunosuppression in tumour tissue. Tumour-infiltrating
T cells have shown to co-express PD-1 and TIM-3 in many types of
cancer, indicating that the Tim-3 pathway may cooperate with the PD-1
pathway to promote the development of a severe dysfunctional phenotype
in T cells in cancer.

Immunohistochemical analysis of paraffin-embedded
human colon carcinoma using TIM-3 (D5D5R) XP®
Rabbit mAb.

CST offers the following antibody for TIM-3:
Cat #

Product name

Validated applications

Species reactivity

Available sizes

45208

TIM-3 (D5D5R) XP® Rabbit mAb

WB, IP, IHC, Flow

Human

40μl, 100μl

PD-1
PD-1, also known as CD279, PDCD1 or Programmed cell death 1 protein, is
an inhibitory receptor whose expression is induced when T cells become
activated. Its major role is to limit the activity of T cells during inflammatory responses to infection and to limit autoimmunity. PD-1 has two ligands,
namely PD-L1 and PD-L2. PD-1 is expressed on a large proportion of
tumour infiltrating T cells in many different tumour types, at the same time
that its ligands are commonly upregulated on the tumour cell surface.

Immunohistochemical analysis of paraffin-embedded
human tonsil using PD-1 (EH33) Mouse mAb.

CST offers the following antibodies for PD1:
Cat #

Product Name

Validated Applications

Species Reactivity

Available Sizes

43248

PD-1 (EH33) Mouse mAb

WB, IHC

Human

100μl

15151

PD-1 (D3W4U) Rabbit mAb (PE Conjugate)

Flow

Human

100μl

15146

PD-1 (D3W4U) Rabbit mAb (Pacific Blue™ Conjugate)

Flow

Human

100μl

15142

PD-1 (D3W4U) Rabbit mAb (Alexa Fluor® 647 Conjugate)

Flow

Human

100μl

15131

PD-1 (D3W4U) Rabbit mAb (Alexa Fluor® 488 Conjugate)

Flow

Human

100μl

15121

PD-1 (D3W4U) Rabbit mAb

Flow

Human

100μl

For Research Use Only. Not For Use in Diagnostic Procedures.

www.cellsignal.com

PD-L1
PD-L1, also known as CD274, is a ligand for the inhibitory receptor PD-1.
PD-1/PD-L1 engagement limits T cell activity. High levels of PD-L1 have
been observed in tumour cells in many different cancers, and this has been
linked to poor clinical outcomes in cancer patients. The understanding that
PD-1 blockade or PD-L1 inhibition enhanced the activity of the immune
cells against tumours was a key breakthrough that resulted in the development of a number of drugs.

Immunohistochemical analysis of paraffin-embedded
human lung carcinoma using PD-L1 (E1L3N®) XP®
Rabbit mAb.

CST offers the following antibodies for PD-L1:
Cat #

Product Name

Validated Applications

Species Reactivity

Available Sizes

13684

PD-L1 (E1L3N®) XP® Rabbit mAb

WB, IP, IHC, Flow

Human

40μl, 100μl

15005

PD-L1 (E1L3N®) XP® Rabbit mAb (Alexa Fluor® 647 Conjugate)

Flow

Human

100μl

14123

PD-L1 (E1L3N®) XP® Rabbit mAb (PE Conjugate)

Flow

Human

100μl

51296

PD-L1 (E1L3N®) XP® Rabbit mAb (HRP Conjugate)

WB

Human

100μl

15118

PD-L1 (E1L3N®) XP® Rabbit mAb (Biotinylated)

WB

Human

100μl

14772

PD-L1 (E1L3N®) XP® Rabbit mAb (Alexa Fluor® 488 Conjugate)

Flow

Human

100μl

29122

PD-L1 (405.9A11) Mouse mAb

WB, IHC

Human

100μl

15165

PD-L1 (Extracellular Domain Specific) (E1J2J) Rabbit mAb

WB, IHC

Human

100μl

PD-L2
PD-L2 (also known as CD273, B7-DC, PDCD1LG2 and PDCD1L2) is another ligand for PD-1. Although PD-L2 has been shown to dramatically
inhibit T cell responses, its exact role is still being defined and it is still
unclear whether the function of PD-L2 overlaps with that of PD-L1 or if
this ligand has other functions.

Immunohistochemical analysis of paraffin-embedded
human tonsil using PD-L2 (D7U8C) XP® Rabbit mAb.

CST offers the below antibody for PD-L2:
Cat #

Product Name

Validated Applications

Species Reactivity

Available Sizes

82723

PD-L2 (D7U8C) XP® Rabbit mAb

WB, IHC

Human

40μl, 100μl

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

CELL SIGNALING TECHNOLOGY

EPIGENETICS:
DISCOVERY THROUGH VALIDATION

69

CST antibodies for epigenetic-related targets,
including histone modifications, epigenetic
regulators, and general transcription factors.

22

CST antibodies validated for ChIP according
to ENCODE* Consortium guidelines.

Validated Tools for Discovery:
» SimpleChIP® Kits to facilitate Chromatin IP from
cells and tissue.
» PTMScan® Kits and Services to enable MS-based
discovery of methylated and acetylated proteins.
» Most ChIP-validated antibodies approved for
additional applications like IHC, Flow, IF and WB.
Molecular model of chromatin.

Learn more at: www.cellsignal.com/epigeneticdiscovery
*Landt S.G. et al. (2012) Genome Res. 22, 1813–1831.
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