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Cas9 Nuclease NLS, S. pyogenes

NEW

Now available with Nuclear Localization Signal
NEB’s Cas9 Nuclease NLS, S. pyogenes, is an
RNA-guided endonuclease that catalyzes
sitespecific cleavage of double stranded
DNA. The location of the break is within the
target sequence 3 bases from the NGG PAM
(Protospacer Adjacent Motif) (1). The PAM
sequence, NGG, must follow the targeted region
on the opposite strand of the DNA with respect
to the region complementary sgRNA sequence.
Cas9 Nuclease NLS, S. pyogenes contains a single
Simian virus 40 (SV40) T antigen nuclear
localization sequence (NLS) on the C terminus of
the protein.

BACKGROUND
Cas9 Nuclease is a central component of CRISPR-based
immunity, a mechanism used to protect a bacterial or
archaeal cell from invading viral and foreign DNA. CRISPRs
(clustered regularly interspaced short palindromic repeats)
are DNA loci that contain multiple, short, repeated sequences, separated by unique “spacer DNA” or CRISPR DNA
(crDNA). The CRISPR locus is transcribed and processed
into short guide RNAs (sgRNA) that are incorporated into
Cas9 Nuclease. The RNA corresponding to the crDNA
guides the Cas9 nuclease to its target by complementary
base pairing; double-stranded DNA cleavage results.
Cas9 nuclease has been adapted for genome engineering,
because it can be easily programmed for target specificity
by supplying sgRNAs of any sequence. In cells and animals,
genome targeting is performed by expressing Cas9 nuclease and sgRNA from DNA constructs (plasmid or virus),
supplying RNA encoding Cas9 nuclease and sgRNA, or
by introducing RNA-programmed Cas9 Nuclease directly.

1. Jinek M. et al. (2012). Science. 816-821. DOI:
10.1126/Science.1225829. Epub 2012 Jun 28,
PubMedID: 22745249
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PRODUCT

NEB #

SIZE

PRICE

Cas9 Nuclease, NLS, S. pyogenes

M0641S/L/M

50/250/500 pmol

£163/£712/£925

Cas9 Nuclease, S. pyogenes

M0386S/L/M

50/250/500 pmol

£143/£621/£805

NEB PCR Cloning Kit

Enjoy faster cloning with more flexible conditions
The NEB PCR Cloning Kit allows quick and
simple cloning of all your PCR amplicons,
regardless of the polymerase used. This kit
utilizes a novel mechanism for background
colony suppression, and allows for direct cloning
from your reaction with no purification step.

PCR cloning with no/low background

ADVANTAGES
• Easy cloning of all PCR products
including blunt and TA ends
NEBioCalculator™

NEBcloner™

Tm
Calculator

• Fast cloning, with low/no background
and no blue/white selection required
• Save time–no purification steps required

PCR
Selector

Double Digest
Finder

NEBuilder®
Assembly Tool

Online Interactive Tools
Go to the Tools & Resources tab accessible on our
homepage, to use a selection of interactive tools to
help you in your research and experimental design.

• Provided primers allow for downstream
colony PCR screening or sequencing

A 500 bp PCR product incubated with the linearized vector in a
3:1 ratio according to recommended protocol. 2 µl of reaction
was transformed into provided NEB 10-beta Competent E. coli
and 1/20th of the outgrowth was plated. The left plate serves as
the control, with vector backbone only. The right plate contains
PCR insert.

Now a
vailab
compe le without
tent ce
lls!
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NEB #

SIZE

PRICE

NEB PCR Cloning Kit

E1202S

20 rxns

£260

NEB PCR Cloning Kit (without competent cells)

E1203S

20 units

£149

NEW

www.neb.com/tools-and-resources
100%

Read Me, Recycle Me
100% recycled paper,
vegetable based inks.

New England Biolabs (UK) Ltd
75-77 Knowl Piece, Hitchin, Herts SG4 0TY
Tel: 0800 318486 | Email: info.uk@neb.com
www.neb.uk.com

NEBUILDER is a registered trademark of New England Biolabs, Inc. NEBIOCALCULATOR™ AND NEBCLONER™ are trademarks
of New England Biolabs, Inc. CELL SIGNALING TECHNOLOGY®, SIGNALSTAIN®, PHOSPHOSITEPLUS® and XP® are registered
trademarks of Cell Signaling Technology, Inc. CST™ is a trademark of Cell Signaling Technology, Inc. TRANSIT® is a registered
trademark of Mirus Bio, LLC. BIOANALYZER® is a registered trademark of Agilent Technologies, Inc.

feature article

Minding your caps and tails – considerations for functional
mRNA synthesis
Applications of synthetic mRNA have grown and become considerably diversified in recent years. Examples include the generation of
pluripotent stem cells (1-3), vaccines and therapeutics (4), and CRISPR/Cas9 genome editing applications (5-7). The basic requirements
for a functional mRNA – a 7-methylguanylate cap at the 5´ end and a poly(A) tail at the 3´ end – must be added in order to obtain
efficient translation by eukaryotic cells. Additional considerations can include the incorporation of modified bases, modified cap structures
and polyadenylation strategies. Strategies for in vitro synthesis of mRNA may also vary according to the desired scale of synthesis. This
article discusses options for selection of reagents and the extent to which they influence synthesized mRNA functionality.
Breton Hornblower, Ph.D., G. Brett Robb, Ph.D.
and George Tzertzinis, Ph.D., New England
Biolabs, Inc.
Before translation in eukaryotic organisms,
nascent mRNA (pre-mRNA) receives two significant modifications in addition to splicing. During
synthesis, a 7-methylguanylate structure, also
known as a “cap”, is added to the 5´ end of the
pre-mRNA, via 5´ → 5´ triphosphate linkage.
This cap protects the mature mRNA from degradation, and also serves a role in nuclear export
and translation initiation. The second modification is the addition of approximately 200
adenylate nucleotides (a poly(A) tail) to the 3´
end of pre-mRNA by E. coli Poly(A) Polymerase.
Polyadenylation is coupled to transcription termination, export of mRNA from the nucleus,
and, like the cap, formation of the translation
initiation complex. The mature mRNA forms
a circular structure by bridging the cap to the
poly(A) tail via the cap-binding protein eIF4E
(eukaryotic initiation factor 4E) and the poly-(A)
binding protein, both of which interact with
eIF4G (eukaryotic initiation factor 4G). (Figure
1, (8))
RNA can be efficiently synthesized in vitro with
prokaryotic phage polymerases, such as T7, T3
and SP6. The cap and poly(A) tail structures
characteristic of mature mRNA can be added
during or after the synthesis by enzymatic
reactions with capping enzymes and Poly(A)
Polymerase, respectively.

Figure 1. Translation initiation complex.
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(A) PCR can be used to amplify target DNA prior to transcription. A promoter can be introduced via the upstream primer.
(B) When using plasmid DNA as a template, linearize with an enzyme that produces blunt or 5´-overhanging ends. Using a type IIS
restriction enzyme (e.g., BspQI) allows RNA synthesis with no additional 3´-nucleotide sequence from the restriction site.

There are several factors to consider when planning for in vitro mRNA synthesis that will influence the ease of experimental setup and yield of
the final mRNA product. These are discussed in
the following sections.

DNA template

3´ UTR

AAAAAAAAAAAAAA

Figure 2. Methods for generating transcription templates

The DNA template provides the sequence to be
transcribed downstream of an RNA polymerase
promoter. There are two strategies for generating transcription templates: PCR amplification
and linearization of plasmid with a restriction
enzyme (Figure 2). Which one to choose will
depend on the downstream application. In
general, if multiple sequences are to be made
and transcribed in parallel, PCR amplification
is recommended as it generates many templates
quickly. On the other hand, if large amounts of

one or a few templates are required, plasmid DNA
is recommended, because of the relative ease of
producing large quantities of high quality, fully
characterized plasmids.
PCR allows conversion of any DNA fragment
to a transcription template by appending the
T7 promoter to the forward primer (Fig 2A).
Additionally, poly(d)T-tailed reverse primers can
be used in PCR to generate transcription templates with A-tails. This obviates the need for a
separate polyadenylation step following transcription. Repeated amplifications should, however, be
avoided to prevent PCR-generated point mutations. Amplification using PCR enzymes with the
highest possible fidelity, such as Q5 High-Fidelity
DNA Polymerase (NEB # M0491), reduces the
likelihood of introducing such mutations.
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Plasmid DNA should be purified and linearized
downstream of the desired sequence, preferably
with a restriction enzyme that leaves blunt or 5´
overhangs at the 3´ end of the template. These
are favorable for proper run-off transcription
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Enzyme-based capping (left) is performed after in vitro transcription using 5´-triphosphate RNA, GTP, and S-adenosylmethionine (SAM). Cap 0 mRNA can be converted to cap 1 mRNA using mRNA cap 2´-O-methyltransferase (MTase) and SAM
in a subsequent or concurrent reaction. The methyl group transferred by the MTase to the 2´-O of the first nucleotide of the
transcript is indicated in red. Conversion of ~100% of 5´-triphosphorylated transcripts to capped mRNA is routinely achievable
using enzyme-based capping.
Co-transcriptional capping (right) uses an mRNA cap analog (e.g., ARCA; anti-reverse cap analog), shown in yellow, in the
transcription reaction. The cap analog is incorporated as the first nucleotide of the transcript. ARCA contains an additional
3´-O-methyl group on the 7-methylguanosine to ensure incorporation in the correct orientation. The 3´-O-methyl modification
does not occur in natural mRNA caps. Compared to reactions not containing cap analog, transcription yields are lower. ARCAcapped mRNA can be converted to cap 1 mRNA using mRNA cap 2´-O-MTase and SAM in a subsequent reaction.
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(post-transcriptional capping) or incorporation of
a cap analog during transcription (co-transcriptional capping) (Fig. 3). Method selection will
depend on the scale of mRNA synthesis required
and number of templates to be transcribed.

Capping with Vaccinia
Capping System
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Reactions were set up according to recommended
conditions for two templates: Gaussia luciferase (GLuc)
and Cypridina luciferase (CLuc). The RNA was quantified
spectrophotometrically after purification with spin columns.
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Figure 3. In vitro transcription options based upon capping strategy
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Figure 4. RNA yields from transcriptional
capping reactions

µg RNA

Plasmid templates are convenient if the template
sequence already exists in a eukaryotic expression
vector also containing the T7 promoter (e.g.,
pcDNA vector series). These templates include
5´- and 3´-untranslated regions (UTR), which
are important for the expression characteristics of
the mRNA.

by T7 RNA Polymerase, while 3´ overhangs
may result in unwanted transcription products.
To avoid adding extra nucleotides from the
restriction site to the RNA sequence, a Type
IIS restriction enzyme can be used (e.g., BspQI,
NEB #R0712), which positions the recognition
sequence outside of the transcribed sequence
(Figure 2B). The plasmid DNA should be completely digested with the restriction enzyme,
followed by purification using a spin column
or phenol extraction/ethanol precipitation.
Although linearization of plasmid involves multiple steps, the process is easier to scale for the
generation of large amounts of template for multiple transcription reactions.

µg RNA

The quality of the PCR reaction can be assessed
by running a small amount on an agarose gel,
and DNA should be purified before in vitro transcription using a spin column or magnetic beads
(e.g., AMPure® beads). Multiple PCR reactions
can be purified and combined to generate a DNA
stock solution that can be stored at -20°C, and
used as needed for in vitro transcription.

Transcription for enzyme-based capping
(post-transcriptional capping)
Standard RNA synthesis reactions produce
the highest yield of RNA transcript (typically
≥100 µg per 20 µl in a 1 hr reaction using the
HiScribe Quick T7 High Yield RNA Synthesis
Kit, NEB #E2050S). Transcription reactions are
highly scalable, and can be performed using an
all-inclusive kit (e.g., HiScribe kits), or individual
reagents. More information on the HiScribe kits
can be found on page 7.
Following transcription, the RNA is treated with
DNase I to remove the DNA template, and purified using an appropriate column, kit or magnetic beads, prior to capping. This method produces high yields of RNA with 5´-triphosphate
termini that must be converted to cap structures.
In the absence of template-encoded poly(A) tails,
transcripts produced using this method bear 3´
termini that also must be polyadenylated in a
separate enzymatic step, as described below in
“Post-transcriptional capping and Cap-1 methylation”.

Enzyme
based

ARCA
Co-tran

(see next section), or may be co-transcriptionally
capped by including ARCA or another cap analog, as described previously.

Figure 5. Structure of the anti-reverse cap analog, ARCA

If partial replacement of nucleotides is desired,
the HiScribe T7 ARCA mRNA Synthesis Kits
(NEB# E2060 and E2065), may be used with
added modified NTPs, to produce co-transcriptionally capped mRNAs, as described above.
Alternatively, the HiScribe T7 Quick RNA
Synthesis Kit may be used to produce transcripts
for post-transcriptional capping (see below).

The 3´ position of the 7-methylated G is blocked by a methyl group.

There are several cap analogs used in co-transcriptional RNA capping. The most common
are the standard 7-methyl guanosine (m7G) cap
analog and anti-reverse cap analog (ARCA),
also known as 3´ O-me 7-meGpppG cap analog
(Fig. 5). ARCA is methylated at the 3´ position
of the m7G, preventing RNA elongation by
phosphodiester bond formation at this position.
Thus, transcripts synthesized using ARCA contain 5´-m7G cap structures in the correct orientation, with the 7-methylated G as the terminal
residue. In contrast, the m7G cap analog can be
incorporated in either the correct or the reverse
orientation.
HiScribe T7 ARCA mRNA Synthesis Kits
(NEB# E2060 and E2065) contain reagents,
including an optimized mix of ARCA and NTPs
for streamlined reaction setup for synthesis of
co-transcriptionally capped RNAs.
Transcription with complete substitution with
modified nucleotides
RNA synthesis can be carried out with a mixture
of modified nucleotides in place of the regular
mixture of A, G, C and U triphosphates. For
expression applications, the modified nucleotides
of choice are the naturally occurring 5´-methylcytidine and/or pseudouridine in the place of
C and U, respectively. These have been demonstrated to confer desirable properties to the
mRNA, such as higher expression levels and
avoidance of unwanted side effects in the key
applications of protein replacement and stem-cell
differentiation (1). It is important to note that
nucleotide choice can influence the overall yield

of mRNA synthesis reactions.
Fully substituted RNA synthesis can be achieved
using the HiScribe T7 High-Yield RNA Synthesis
Kit (NEB# E2040) in conjunction with NTPs
with the desired modification. Transcripts made
with complete replacement of one or more
nucleotides may be post-transcriptionally capped

Post-transcriptional capping and
Cap-1 methylation
Post-transcriptional capping is often performed
using the mRNA capping system from Vaccinia
virus. This enzyme complex converts the
continued on next page...

Analysis of capped RNA function in transfected mammalian cells

A.

Make mRNA

Transfect cells

Harvest media

Read light output

Schematic representation of reporter mRNA transfection workflow.

The effect of capping can be studied by delivering the mRNA to cultured mammalian cells and monitoring its translation.
Using RNA encoding secreted luciferases (e.g., Cypridina luciferase, CLuc) the translation can be monitored by assaying
its activity in the cell culture medium (Fig. A).
CLuc mRNA was synthesized and capped post-transcriptionally (Cap 0 or Cap 1) or co-transcriptionally (as described
above) using standard (7mG) or anti-reverse cap analog (ARCA). For consistency, the mRNAs were prepared from
templates encoding poly-A tails of the same length.
After capping, the mRNA was purified using magnetic beads and quantified before transfection into U2OS cells using
the TransIT® mRNA transfection reagent following the manufacturer’s protocol. CLuc activity was measured 16 hrs after
transfection using the BioLux® Cypridina Luciferase Assay Kit (NEB #E3309).
Virtually no luciferase reporter activity was observed in conditions where uncapped RNA was transfected (Fig. B). In
contrast, robust activity was detected from cells transfected with RNA capped using the methods described above.
As anticipated, lower activity was observed from cells transfected with mRNA capped using the 7mG cap analog as
compared to ARCA-capped mRNA.

B.

2.0x107

1.5x107
RLU

Transcription with co-transcriptional capping
With co-transcriptional capping, a cap analog is
introduced into the transcription reaction, along
with the four standard nucleotide triphosphates,
in an optimized ratio of cap analog to GTP 4:1.
This allows initiation of the transcript with the
cap structure in a large proportion of the synthesized RNA molecules. This approach produces
a mixture of transcripts, of which ~80% are
capped, and the remainder have 5´-triphosphate
ends. Decreased overall yield of RNA products
results from the lower concentration of GTP in
the reaction (Fig. 4).

1.0x107

5.0x106
0.0
Cap 0

Cap 1

7mG

ARCA

Uncapped

Cap Structure

Expression of Cypridina luciferase (CLuc) after capping using different methods. High activity from all capped RNAs
is observed.
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5´-triphosphate ends of in vitro transcripts to
the m7G-cap structures. The Vaccinia Capping
System (NEB #M2080) is comprised of three
enzymatic activities (RNA triphosphatase, guanylyl-transferase, guanine N7-methyltransferase)
that are necessary for the formation of the complete Cap-0 structure, m7Gppp5´N, using GTP
and the methyl donor S-adenosylmethionine.
As an added option, the inclusion of the mRNA
Cap 2´ O-Methyltransferase (NEB #M0366)
in the same reaction results in formation of the
Cap-1 structure, which is a natural modification

in many eukaryotic mRNAs. This enzyme-based
capping approach results in the highest proportion
of capped message, and it is easily scalable. The
resulting capped RNA can be further modified by
poly(A) addition before final purification.

can be added to the PCR-amplified template by
enzymatic treatment of RNA with E. coli Poly(A)
Polymerase (NEB #M0276). The lengths of
the added tails can be adjusted by titrating the
Poly(A) Polymerase in the reaction (Fig. 6).

A-tailing using E. coli Poly(A)
Polymerase

The importance of the A-tail is demonstrated by
transfection of untailed vs. tailed mRNA. When
luciferase activity from cells transfected with equimolar amounts of tailed or untailed mRNAs were
compared, a significant enhancement of translation efficiency was evident (Fig. 6). Increasing the
length of poly(A) tails did not markedly further
enhance reporter activity.

The poly(A) tail confers stability to the mRNA
and enhances translation efficiency. The poly(A)
tail can be encoded in the DNA template by
using an appropriately tailed PCR primer, or it

Figure 6. Analysis of capped and polyadenylated RNA
A.

HiScribe T7 ARCA mRNA Synthesis Kit (with
tailing) (NEB# E2060) includes E. coli Poly(A)
Polymerase, and enables a streamlined workflow
for the enzymatic tailing of co-transcriptionally
capped RNA. For mRNA synthesis from templates
with encoded poly(A) tails, the HiScribe T7
ARCA mRNA Synthesis Kit (NEB# E2065)
provides and optimized formulation for
co-transcriptionally capped transcripts.

B.
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0.0

Summary
0

10
20
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30

A. Agilent Bioanalyzer® analysis of capped and polyadenylated RNA. Longer tails are produced by increasing the enzyme
concentration in the reaction. Calculated A-tail lengths are indicated over each lane. Lanes: L: size marker,1: No poly-A tail,
2: 5 units, 3 :15 units, 4 : 25 units of E. coli Poly(A) Polymerase per 10 µg CLuc RNA in a 50 µL reaction.
B. Effect of enzymatic A-tailing on the luciferase reporter activity of CLuc mRNA

Products from NEB are available for each step of the RNA Synthesis Product Workflow
Template
Generation

In vitro
Transcription

Q5® High-Fidelity
DNA Polymerase

HiScribe™ T7 ARCA mRNA Synthesis Kit (with tailing)

dNTP solution mixes

Type IIs
restriction enzymes
& cloning reagents

RNA
Capping

Poly(A)
Tailing

HiScribe T7 ARCA mRNA Synthesis Kit

E. coli Poly(A) Polymerase

HiScribe T7 High
Yield RNA Synthesis Kit

Vaccinia
Capping System

HiScribe T7 Quick High
Yield RNA Synthesis Kit

mRNA Cap 2´-OMethyltransferase

T3, T7 and SP6
RNA Polymerases

ARCA and other
mRNA cap analogs

In summary, when choosing the right workflow
for your functional mRNA synthesis needs, you
must balance your experimental requirements for
the mRNA (e.g., internal modified nucleotides)
with scalability (i.e., ease-of-reaction setup vs.
yield of final product).
In general, co-transcriptional capping of mRNA
with template encoded poly(A) tails or post-transcriptional addition of poly(A) tail is recommended for most applications. This approach, using the
HiScribe T7 ARCA mRNA Synthesis Kits (NEB#
E2060 and E2065), enables the quick and streamlined production of one or many transcripts with
typical yields of ~20 µg per reaction, totaling
~400 µg per kit.
Post-transcriptional mRNA capping with Vaccinia
Capping System is well suited to larger scale synthesis of one or a few mRNAs, and is readily scalable to produce gram-scale quantities and beyond.
Reagents for in vitro synthesis of mRNA are available in kit form and as separate components to
enable research and large-scale production.
Products available from NEB for each step of the
functional mRNA synthesis workflow, from template construction to tailing, are shown to the left.

Companion Products
RNase inhibitors

References:

Pyrophosphatases
DNase I
NTPs
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HiScribe T7 ARCA mRNA Kits

advantages

Available with (NEB #E2060) and without (NEB #E2065) tailing

• Q
 uicker protocol takes you from capping
to purification in 2 hours

Most eukaryotic mRNAs require a 7-methylguanosine (m7G) cap structure at the 5´ end and a
poly(A) tail at the 3´ end to be efficiently translated. The HiScribe T7 ARCA mRNA Synthesis Kit
(NEB #E2060S) is designed to synthesize capped and tailed mRNAs for variety of applications.
Capped mRNAs are synthesized by co-transcriptional incorporation of Anti-Reverse Cap Analog
(ARCA), using T7 RNA Polymerase. A poly(A) tail is then added by E. coli Poly(A) Polymerase. A
separate version of the kit (NEB #E2065S), without E. coli Poly(A) Polymerase, is available for use
with DNA templates encoding a poly(A) stretch or not requiring a poly(A) tail. The kits also include
DNase I and LiCl for DNA template removal and quick mRNA purification.

• F lexible workflow enables incorporation
of modified bases

Both cap and tail are required for mRNA function in cell culture

• M
 aintain the utmost in mRNA integrity
with ultra-high quality components
• G
 et the best translation efficiencies with correctly oriented ARCA caps
• A ll-inclusive kit contains all of the reagents
you’ll need
• E ach kit provides reagents for twice the reactions versus competitors’ kits

Relative Luciferase Activity

80,000

60,000

40,000

20,000

0

- CAP
- Tail

+ CAP
- Tail

- CAP
+ Tail

+ CAP
+ Tail
HiScribe T7
ARCA mRNA Kit

Luciferase expression in U2OS cells. Purified Cypridina luciferase RNA produced as
indicated was co-transfected into U2OS cells with purified Gaussia luciferase mRNA.
mRNAs produced using the HiScribe T7 ARCA mRNA Kit (with Tailing) are 5´-capped
and have 3´ poly(A) tails. After 16 hours incubation at 37°C, cell culture supernatants
from each well were assayed for CLuc and GLuc activity. Luminescence values were
recorded and used to calculate relative luciferase activity.

Ordering Information
PRODUCT

NEB #

SIZE

PRICE

HiScribe T7 ARCA mRNA Kit (with Tailing)

E2060S

20 reactions

£320

HiScribe T7 ARCA mRNA Kit

E2065S

20 reactions

£275

View experimental protocols
and share optimizations
with your peers at protocols.io
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synthetic biology: application note

Construction of an sgRNA-Cas9 expression vector via singlestranded DNA oligo bridging of double-stranded DNA fragments
	We suggest using the sgRNA
design tool available at:
https://chopchop.rc.fas.harvard.edu.

Peichung Hsieh, Ph.D., New England Biolabs, Inc

Introduction
NEBuilder HiFi DNA Assembly Master Mix
(NEB# E2621) was developed to improve
the efficiency and accuracy of DNA assembly
over other DNA assembly products currently
available. The method allows for the seamless
assembly of multiple DNA fragments, regardless
of fragment length or end compatibility. Thus
far, it has been adopted by the synthetic biology
community, as well as those interested in onestep cloning of multiple fragments due to its ease
of use, flexibility and simple master mix format.
CRISPR/Cas9-based gene editing is quickly
growing in popularity in the field of genome
editing. Due to the size of most commonly used
Cas9-containing plasmids, construction of an
sgRNA or sgRNA library into a Cas9/sgRNA
expression vector can be cumbersome. NEB
has developed a protocol to solve this problem,
using single-stranded DNA oligonucleotides,
a restriction enzyme digested vector and the
NEBuilder HiFi DNA Assembly Master Mix.

2. 	Design a 71-base, single-stranded DNA
oligonucleotide, containing a 21 nt target
sequence (in red), flanked by a partial U6
promoter sequence (in blue) and scaffold
RNA sequence (in purple)
	Example:
5´ATCTTGTGGAAAGGACGAAACACCG
GCGAAGAACCTCTTCCCAAGA
GTTTTAGAGCTAGAAATAGCAAGTT3´

	to construct a random library, randomize
nucleotides 19–21, as shown below:
Example:
	
5´ATCTTGTGGAAAGGACGAAACACCG
N19-21GTTTTAGAGCTAGAAATAGCAAGTT3

3. 	Prepare the ssDNA oligo in 1X NEBuffer 2
to a final concentration of 0.2 µM.
4.	Assemble a 10 µl reaction mix with 5 µl of
ssDNA oligo (0.2 µM), 30 ng of restriction
enzyme-linearized vector* and ddH2O.
5.	Add 10 µl of NEBuilder HiFi DNA Assembly
Master Mix to the reaction mix, and incubate
the assembly reaction for 1 hour at 50°C.

Protocol
Note: This protocol demonstrates the design
of an sgRNA targeting a ~30 kb gene from
H. sapiens.
1.	Scan for a PAM sequence (NGG, in green) in
the desired target sequence.

6.	Transform NEB 10-beta Competent E. coli
(NEB #C3019) with 2 µl of the assembled
product, following the protocol supplied with
the cells.
7.	Spread 100 µl of outgrowth on a plate with
ampicillin antibiotic, and incubate overnight
at 37°C.

	
Example:
5´GCGAAGAACCTCTTCCCAAGANGG3´
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Design an ssDNA oligo containing the target sequence (19-21 bases) of sgRNA flanked by 25 bases of sequence at both ends.
Mix the single-stranded oligo, linearized vector DNA and NEBuilder HiFi DNA Assembly Master Mix together, incubate for 1 hour
at 50°C and transform into E. coli.
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8.	Pick 10 colonies to grow, and purify the
plasmid DNA for sequencing.
* Researchers can find suitable vectors from
Addgene, a non-profit organization. We recommend Addgene plasmid #42230, pX330U6-Chimeric_BB-CBh-hSpCas9 (for details,
see https://www.addgene.org/42230/),
although any plasmid containing an sgRNA
scaffold under the control of a U6 promotor
should be adequate.

Results
Ten colonies were isolated, and plasmid DNA
was purified using standard miniprep columns.
Insertion of the target DNA sequence was
confirmed by DNA sequencing. Of the 10 clones
sequenced, 9 contained the target sequence
in the correct orientation (data not shown).

Summary
This Application Note demonstrates the
convenience of inserting an sgRNA sequence
into a 9.5 kb vector for targeted DNA assembly.
Unlike traditional cloning methods, in which
two oligos must be synthesized and re-annealed,
this new protocol offers a simple way to design
an oligo and assemble it with the desired vector.
The NEBuilder HiFi DNA Assembly Master
Mix represents a substantial improvement over
traditional methods, specifically in time savings,
ease-of-use and cost.
Visit the Other Tools and Resources tab at
www.neb.com/E2621 to download the full
application note.
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NEW PRODUCT

Introducing: VISTA (D1L2G)
XP® Rabbit mAb #64953

Immunohistochemical analysis of paraffin-embedded human breast carcinoma using VISTA (D1L2G) XP® Rabbit mAb.

VISTA (V-Domain Ig Suppressor of T Cell Activation, also known as PD-1H) is a negative checkpoint control protein that
regulates T cell activation and immune responses. Blocking VISTA induces T-cell activation and proliferation, and potentiates
disease severity in the experimental autoimmune encephalomyelitis (EAE) mouse model. Genetic deletion of VISTA in mice
leads to spontaneous T-cell activation and chronic inflammation whereas in mouse models of cancer, neutralization of VISTA
enhances T-cell proliferation and effector function and increases tumor infiltration.
First described in 2011, interest in VISTA is surging quickly. If you’re working on tumour immunology, autoimmunity or T-cell
activation, this is definitely a protein to watch out for.
We are now proud to offer you the first rabbit monoclonal antibody to VISTA, validated to our most stringent standards:
VISTA (D1L2G) XP® Rabbit mAb

#64953P

40 µl (4 western blots)

£123

VISTA (D1L2G) XP Rabbit mAb

#64953S

100 µl (10 western blots)

£268

®

Species reactivity: Human, Monkey.

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

CHROMATIN
IP
CST
PROTOCOLS

Get consistent, reliable results
from your WB, IF and IHC
experiments
While good quality antibodies are certainly the cornerstone of a successful western blot, or immunostain, the full
experiment also requires the right reagents and the correct protocol. To eliminate variability and minimize the risk of
human error, Cell Signaling Technology® now offers economically priced complete application kits for WB, IF and IHC.

Western Blotting Application Solutions Kit #12957
The Western Blotting Application Solutions Kit provides reagents needed
for western blotting, from cell lysis to protein detection. Validated with our
primary antibodies, the kit includes sufficient reagents and membranes to run
10 mini-gels and complete western blot assays with either rabbit or mouse
primary antibodies.

Immunofluorescence Application Solutions Kit #12727
The Immunofluorescence Application Solutions Kit is designed to conveniently
provide the major supporting reagents needed for immunofluorescence in
cell cultures (IF-IC) or frozen samples (IF-F). Validated using our IF-approved
antibodies, the kit includes sufficient reagents for 100 assays based on a
100 µl assay volume and contains:
•

IF Wash Buffer (10X)

•

16% Formaldehyde, Methanol-Free

•

IF Blocking Buffer

•

IF Dilution Buffer

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

www.cellsignal.com

Immunohistochemistry Application Solutions Kit (Rabbit) #13079
The Immunohistochemistry Application Solutions Kit (Rabbit) contains reagents

needed for immunohistochemical staining in paraffin-embedded tissue
samples or cell pellets (IHC-P). Suitable for IHC-validated rabbit polyclonal
and monoclonal antibodies, the kit includes sufficient reagents for 120 slides
based on a 100 µl assay volume and contains:
•

SignalStain® Boost IHC Detection Reagent (HRP)

•

SignalStain® Antibody Diluent

•

Animal-Free Blocking Solution (5X)

•

SignalStain® DAB Chromogen Concentrate

•

SignalStain® DAB Diluent

Don’t forget to visit our website for recommended protocols for
WB, IF and IHC-P : www.cellsignal.com/protocols

CST ™ is more than just great products . . .
Are you just starting out in the lab and have a ton of information to absorb? Or maybe you’re already a seasoned researcher
who needs some quick info on an unfamiliar application or research field, without having to spend hours reading reviews …
Welcome to our newly redesigned website, www.cellsignal.com, where you’ll find:
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CST blog
Have a few minutes of browsing time to spare between experiments? Before you check the latest news on the BBC, check out our
latest blog post. Entertaining yet informative, our blog features tips and tricks for antibody applications, news and bits of antibody
trivia. You can also sign up for our newsletter so you’re notified when we upload new posts.

blog.cellsignal.com

CST guide
Trying to compile all the above resources in book format was a hard task but we rose to the challenge. The result was a 300 page
hard cover guide, which aims to serve as your indispensable laboratory companion. You can request your own FREE hard copy at:

www.cellsignal.com/CSTguide

Request your Free
New Student Starter Pack!
FREE

To all new
research
students*

Contains
Q5 and
DNA Ladder
Samples

Register for your Starter Pack at www.neb.uk.com
starter pack includes:
Q5 High-Fidelity DNA Polymerase Sample // Purple 2-Log DNA Ladder Sample // Lab Timer // Protocol Guides // Year Planner // Sharpie® Marker

*Starter Packs are available to all new research students who are not currently on our mailing list.
Please provide supervisor’s name and the name and departmental address of the student when you place your request.
Offer available while stocks last and no later than 04/12/15. Contents may vary from those shown. Available in the UK and Republic of Ireland only.

New England Biolabs (UK) Ltd, Knowl Piece, Wilbury Way, Hitchin, Herts SG4 0TY

Tel: 0800 318486

Fax: 0800 435682

Email: info.uk@neb.com

Web: www.neb.uk.com

