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Ordering Information

PURExpress In Vitro Protein Synthesis Kit
A rapid method for gene expression analysis, PURExpress is a novel cell-free transcription/
translation system reconstituted from the purified components necessary for E. coli translation. 
Express a wide range of proteins free of modification or degradation by simply mixing two 
tubes, followed by the addition of template DNA. With results available in only a few hours, 
PURExpress saves valuable laboratory time and is ideal for high throughput applications. 

Ordering Information

PRODUCT NEB # PRICE

PURExpress In Vitro Protein Synthesis Kit E6800S/L £224/£1,961

PURExpress ∆ Ribosome Kit E3313S £299

PURExpress ∆ (aa, tRNA) Kit E6840S £299

PURExpress ∆ RF123 Kit E6850S £299

PURExpress Disulfide Bond Enhancer E6820S £207

E. coli Ribosome P0763S £160

To learn more about 
PURExpress, visit  
www.neb.com/E6800

Protein expression using the  
PURExpress® In Vitro Protein Synthesis Kit

25 µl reactions containing 250 ng template DNA were incubated at 37°C for 2 hours. 2.5 µl of 
each reaction was analyzed by SDS-PAGE using a 10–20% Tris-glycine gel. Note that proteins 
can be purified using reverse affinity chromatography (reagents not supplied). The red dot 
indicates the protein of interest. Marker M is the Protein Ladder (NEB #P7703).
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Advantages of PURExpress:

• Cleaner system

• Flexible

• Simple analysis

• Easy-to-use 

• Fast

• Efficient

• Stable
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feature article

Peter Weigle, Ph.D., New England Biolabs, Inc. 
and Laura Fulford, BiteSize Bio

What is Synthetic Biology? 
Though a comprehensive definition of synthetic 
biology is elusive, one may characterize it as a 
“build to understand” approach to biology (3). A 
quote by the famous theoretical physicist Richard 
Feynman epitomizes a theme characteristic of the 
field – “What I cannot create, I do not under-
stand.” How does this sentiment relate to recom-
binant DNA? Imagine beginning with a reper-
toire of well-characterized DNA “parts” encoding 
biological functions such as receptors, promoters, 
activators, repressors, terminators and reporter 
genes (or other outputs) – and attempting to rear-
range them into configurations designed to direct 
a biological system (typically, a cellular “chassis”) 
to accomplish a desired task. Think a pollution 
detecting E. coli cell that expresses green fluores-
cent protein (GFP) in the presence of arsenic and 
then self-destructs after a given period of time, or 
an engineered implantable human cell line that 
undergoes a preset number of cell divisions and 
then secretes insulin at precisely regulated levels 
in response to extracellular glucose concentra-
tions. 

Such re-purposed cells would be described, in 
synthetic biology parlance, as “genetic devices.” 
These devices are designed for multi-step behav-
iors, and relative to earlier examples of genetic 
engineering, their design is necessarily complex. 
How cells can be programmed for such functions 
is neither intuitive nor obvious. Here, synthetic 
biology has made a radical departure from previ-
ous forms of genetic engineering by borrowing 
engineering concepts from control theory and 
digital computing as a framework upon which to 
design genetic circuits for programming cellular 
behaviors. A genetic implementation of one such 
“simple” computational operation, the Boolean 

Programming Life: Inquiry & Engineering Through  
Synthetic Biology
The report of the first chimeric DNA molecule in 1968 (1) ushered in a new age for experimental biology and biotechnology. The 
ability to propagate DNA obtained, in principle, from virtually any organism within the cytoplasm of Escherichia coli (2) set the stage for 
sequencing of genes and genomes. This advance enabled researchers not only to connect a mutant phenotype with the corresponding 
genotype, but also paved the way for the industrial production of medically important proteins such as insulin. The in vitro construction 
of recombinant DNA thus became a cornerstone method in the functional and biochemical characterization of genes and proteins. 

The five decades following the birth of molecular cloning have witnessed an incredible scaling-up of molecular biology due, in large 
part, to the development of high-throughput technologies in nucleic acid sequencing and macromolecular analysis. But long absent 
from the resulting explosion of information has been the ability to rationally recreate, in the laboratory, the regulatory complexity of 
the very gene networks forming the basis cellular behavior. In short, we know a great deal about the “code of life” but are only now 
beginning to be able to program with it. This aspiration has, in part, given birth to the rapidly developing field of synthetic biology, 
which aims to unite the rigor of engineering with the design and construction of recombinant nucleic acids, with which to study and 
understand the behavior of genetic circuits as well as utilize them for technological ends.

A. Molecular Diagram of a Biological Circuit

C. Higher-order CircuitB. Schematic of an “AND” Gate
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Figure 1. Cellular computation.

Synthetic biology draws some of its inspiration from the engineering disciplines of control theory and digital circuit-design. In 
the illustrated example (A), an assemblage of biological components ideally functions to convert two chemical inputs (IPTG 
and arabinose) into an output: the expression of the fluorescent reporter protein GFP. Two promoters (PBAD and Plac are each 
constitutively repressed until induced by their cognate chemical signals (arabinose and IPTG, respectively). Each operon expresses 
half of a two-part transcriptional activator (the SicA and InvF gene products) which together activate the transcription of the GFP 
under the control of PsicA. Expression of the reporter only occurs in the presence of both inputs. The DNA circuit can be represented 
abstractly as a logic gate implementing the Boolean “AND” operation and is shown with the associated truth table (B). Higher order 
circuits (C) can be created by combinations of modular genetic gates; in this example, three AND gates convert four inputs into a 
single output. Figure content adapted from Brophy and Voigt (2014).

AND gate, is shown in Figure 1. Higher order 
combinations of multiple kinds of genetically 
encoded Boolean operations, and other types of 
synthetic gene circuits, have been constructed to 
perform a variety of simple computational tasks, 
including edge-detection, cell to cell communica-
tion, and counting of signal inputs (4).

Going from a circuit schematic to a working 
genetic device is guided by an engineering para-
digm: the design-build-test cycle (Figure 2, p. 4). 
A key tool in this process is computer-aided 

mathematical modeling. Unlike their electrical 
counterparts, genetic circuits operate under con-
ditions that dominate the cellular environment. 
A model attempting to describe and predict the 
behavior of a genetic device must accurately 
incorporate a range of parameters such as dif-
fusion, binding equilibria, networks of protein/
DNA interactions, and dynamic reactant concen-
trations; a variety of deterministic and stochastic 
approaches have been employed to accomplish 
this goal (5). As such, the model embodies a
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sophisticated hypothesis about how the device 
might work. The genetic device is prototyped 
(e.g., synthetic DNA is assembled and trans-
formed into the cell) and its behavior evaluated 
in terms of the model. What is learned during 
each stage is used to improve the performance 
of the device in subsequent rounds of the cycle 
– through changes to the device itself, as well as 
through refinements to the model. 

While synthetic biology shares many of the tools 
and reagents with hypothesis-driven experimen-
tal biology and molecular biology, it follows a 
fundamentally different approach. Many of the 
techniques in a molecular biologist’s repository 
(e.g., oligo synthesis, genome editing) may not 
exist in their current form were it not for syn-
thetic biology. Conversely, synthetic biologists 
can build upon discoveries made by molecular 
biologists.  
In essence, synthetic biologists assemble genetic compo-
nents in order to execute an “artificial” function, and in 
the process of getting it to work, the engineered genetic 
construct becomes itself an object of study and yields 
basic principles for application to subsequent designs.

Chemical engineering in vivo
A practical definition of synthetic biology must 
also include the latest developments in industrial 
fermentation and metabolic engineering. Even a 
cursory survey of papers and journals covering 
synthetic biology shows a significant number of 
reports describing synthetic biology to synthe-
size fuels, chemicals and materials. Historically, 
this technology began as an outgrowth of beer 
and wine making, after it was discovered that 
fermentation could also be used to produce 
economically valuable solvents and organic 
acids (6). With the advent of greatly expanded 
sequence databases, inexpensive DNA synthesis, 
and genome engineering methods, it has become 
increasingly practical to do chemical synthesis 
in vivo. Designer metabolic pathways utilizing 
genes encoding enzymes derived from any of the 
domains of life can inserted into microbes such 

as Saccharomyces cerevisiae or E. coli, endowing them 
with the ability to convert cheap chemical inputs, 
such as starch- or cellulose-derived sugars, into 
more commercially valuable chemicals. 

The products of synthetic biology applied to 
industrial fermentation are already in the market-
place and new products are in the works. Large 
agro-chemical companies such as Cargill® have 
established plants for the conversion of starch to 
platform chemicals such as 3-hydroxypropanoate, 
which can serve as an intermediate for many other 
commodity chemicals. The engineering of E. coli 
and Saccharomyces to produce the anti-malarial pre-
cursor artemisinic acid by Amyris® is a landmark 
achievement in synthetic biology and metabolic 
engineering. Elements of their engineered bio-
synthetic pathway have subsequently been repur-
posed to produce fuels and high value chemicals 
(7), while Ginkgo Bioworks™ (8) and companies 
such as Joule® (9) are engineering microbes to 
mitigate greenhouse gases such as methane and 
CO

2
 and produce valuable products, including 

biofuels. Industrial biosynthesis is not limited to 
pharmaceuticals and commodity-scale chemicals. 
Companies such as Evolva® are working on ways 
to engineer yeast to produce vanillin, stevia and 
even the flavor components of saffron (10), while 
Pronutria® is working to efficiently convert CO

2
 

to feed and medicinal nutrients (11). 

The First Synthetic Gene Circuits
In 2000, the first synthetic circuits were made 
when Gardner, Cantor and Collins created a 
genetic toggle switch (12), and Elowitz and 
Leibler engineered a repressilator, a synthetic 
genetic regulatory network designed from scratch 
to produce stable oscillations of gene expression 
(13). Both of these circuits were model-based, 
but both also needed experimental fine-tuning to 
achieve agreement between model and experimen-
tal output. 

These experiments were quickly followed by “The 
First International Meeting on Synthetic Biology” 
or SB1.0, which was held in 2004 at MIT (14). 
Attended by biologists, chemists, physicists, engi-
neers and computer scientists, the goal of this 
conference was to bring together those scientists 
interested in creating and characterizing synthetic 
biological systems. This meeting, and smaller ones 
like it, laid down the foundation of a new, emerg-
ing discipline. 

A Community to Build From 
As the synthetic biology discipline grew, it quick-
ly became clear that there needed to be a more 
efficient way to assemble genetic parts and circuits 
(4). Without established methods for assembly 
and testing, researchers were forced to ad hoc 
experimental designs, wasting time and money by 
designing, testing and redesigning constructs.

To combat these issues, a public repository, the 
Registry of Standard Biological Parts (RSBP), 
was founded at MIT by Tom Knight and Drew 
Endy. The goal of this repository is to catalog 
and develop genetic parts into ‘BioBricks®’ that 
could be used for the assembly of larger circuits. 
The BioBrick standard was developed to ensure 
that parts could be easily shared and used among 
synthetic biologists by requiring submitted parts 
to conform to a simplified cloning scheme utiliz-
ing four restriction enzymes. However, it became 
quickly clear that the task of populating the 
Registry with biological parts, and the work of 
characterizing them to establish their utility, would 
dwarf the resources of the relatively small num-
bers of labs devoted to synthetic biology. Out of 
this daunting mission, and the need to sustainably 
train a new generation of synthetic biologists, the 
International Genetically Engineered Machine 
(iGEM) competition was born (15).  

Training the next generation of 
bioengineers
Since its inception in 2004, iGEM has evolved into 
a highly successful vehicle for training and show-
casing a new generation of biological engineers 
using the synthetic biology framework. In 2014, 
iGEM hosted its 10th annual Jamboree, with over 
4,000 participants from across the globe present-
ing projects that detailed their efforts to model, 
build and test genetic devices. Students competed 
in a variety of tracks such as Food, Medicine, 
Manufacturing and Information Processing. Each 
team was also asked to demonstrate that they have 
considered the impact and implications of the 
technologies they are developing through dialog 
with relevant stakeholders. Teams were supported 
by various organizations, including NEB (for more 
information, visit www.neb.com/igem). To date, 
more than 28,000 student competitors have par-
ticipated in this engineering competition. 

A rapidly maturing field
Synthetic Biology as a discipline continues to  
grow rapidly. Recent synthetic biology develop-
ments include:

Circuits Get Complex – In the early 2000s, DNA 
circuits continued to advance. More elements were 
added (16), and sensing became more diversified 
(17,18). Additionally, RNA, not just DNA, was 
used in circuit generation (19–21). 

‘Synthetic’ Used to Investigate ‘Native’ – 
Beginning in 2009, designed circuits were used 
to understand native systems through compare/
contrast schemes (22) of engineered versus native 
systems. Synthetic Biology was not just limited to 
engineering new biology; it was also used to inves-
tigate and understand native biology. 

Figure 2.  
Workflow only an engineer could love. 

Quantitative
Design

Experimental
Measurement

Hypothesis-
Driven

Debugging
Physical

Construction

The synthetic biology workflow is iterative.
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Commercially Valuable Products are Made –  
In the 2000s, amino acid biosynthesis was used to 
produce commercially valuable products such as 
isobutanol (23,24), biodiesel (25) and gasoline (26). 
These experiments were a logical extension of fer-
mentation biotechnology and highlighted synthetic 
biology’s commercial and environmental promise.

Assembly of a Whole Bacterial Genome in Yeast 
– In 2008, researchers were able to take advantage 
of yeast’s remarkable ability to recombine overlap-
ping DNA fragments to assemble an entire genome 
in a single step. This method allowed for speedier 
assembly of DNA molecules than previous methods 
(27,28). 

New Genome Editing Tools Emerge – Beginning 
in 2010, zinc finger nucleases gave way to more 
precise genome editing tools, from TALENS (29) to, 
in 2013, CRISPR/Cas9 (30) systems. This empow-
ered synthetic and molecular biologists to create and 
explore as never before. In addition, a catalytically 
inactive form of Cas9, known as dCas9, has further 
enhanced the usefulness of the CRISPR/Cas9 sys-
tem by enabling both activation and repression of 
transcription in yeast and mammalian cells, allowing 
modulation of endogenous gene expression (31).

First “Artificial Cell” Engineered – In 2010, Craig 
Venter and colleagues demonstrated just how far 
the discipline of synthetic biology had come when 
they published a paper disclosing the recreation of a 
Mycoplasma mycoides cell controlled by a chemically-
synthesized genome (32). 

Therapies Engineered – In 2010, Fussenegger 
and colleagues engineered a synthetic circuit that, 
when inserted into the genome of a mouse mutant 
bred to develop hyperuricemia, was able to main-
tain uric acid homeostasis, essentially correcting an 
inborn metabolic defect (33). This demonstrated 
the therapeutic promise of synthetic biology.

Ongoing Challenges
Synthetic Biology is a young field, but it has 
achieved much in a short time period. However, 
like all disciplines, it continues to face challenges.

Measurement, Robustness and Predictability 
– Aspects of synthetic biology still remain an art. 
Genetic circuits often require much “tweaking” in 
order to get them to function in the context for 
which they were designed. Further principles gov-
erning the function of genetic circuits will have 
to be elucidated to improve the interoperability of 
genetic parts in multiple contexts. 

Cells are Not Exactly Digital – Though incred-
ibly powerful as a guiding framework for design-
ing, building, and testing genetic circuits, the 
digital circuit metaphor has limits. Biological 
systems differ from electronic ones in fundamental 
ways, and modeling genetic regulation remains 
under determined. Synthetic biology researchers 
continue to incorporate new ideas and theories to 
describe, model and predict genetic circuit behav-
iors. A new and promising area utilizes analogies 
to analog circuitry (34).

Ethics and Safety – Synthetic Biology, and 
indeed all genetic engineering, has provoked con-
cern over potential misuse, intentional or acciden-
tal. There is active discussion regarding potential 
impacts (35). Built-in forms of biological con-
tainment are also an active area of investigation, 
including the refinement of genetic “kill switches”, 
which ideally would ensure that genetic devices 
could not survive outside of the laboratory or fac-
tory. Government policy has and will continue to 
weigh in: information on the ethics of synthetic 
biology can be found in the 2010 Presidential 
Bioethics Commission report on synthetic biology 
(36). As with other technologies, a scientifically 
literate public is a requirement for nuanced and 
effective dialog.

Future directions
The past sixty years have seen incredible scientific 
and technological advances based on the ability 
to compose in DNA. DNA-driven technologies 
will continue to absorb developments and ways of 
thinking from diverse fields. Advances in materials 
sciences, nanotechnology, microfluidics, automat-
ed liquid handling, indeed all the applied sciences, 
will drive new applications using cellular systems 
and even biological technologies beyond the cell 
(37,38). The proliferation and use of these tech-
nologies will continue to impact our lives. With 
prudence and foresight, they may prove indispen-
sible to our survival. 

Sequencing Data
Automated DNA sequencers 
became widespread and 
more affordable, and the 
first complete genome 
of an organism was 
sequenced  (47–49).

Cost of DNA Synthesis
Cost of synthesizing DNA dropped 
1,000-fold in a decade, and speed 
of production increased (50).

Genome Editing
First reports connecting 
synthetic DNA to genome 
editing in the lambda red 
system in eubacteria. Later 
developments include the 
use of engineered zinc finger 
nucleases, TALENS (29) and 
CRISPR/Cas9 (30,31).

Gene Regulation
Jacob & Monod first described a genetic 
circuit (39), earning a Nobel prize in 
1965. Seminal discoveries included the 
lysis vs. lysogeny developmental switch 
in bacteriophage lambda (λ) (40,41).

Recombinant DNA
In 1972, the first published 
report of recombinant DNA 
made in vitro, and then 
transformed into E. coli (42,43).

Polymerase chain 
reaction (PCR)
First uses of PCR in 1983 
(44) helped fuel an explosion 
of scientific applications, 
from genetic engineering 
to forensic science.

Bioinformatics
Collaboration of biologists 
and computer scientists led to 
development of software tools for 
biologists, including Basic Local 
Alignment Search Tool (BLAST), 
as well as other alignment and 
codon optimization tools (4).

Early DNA Assembly
In vitro enzymatic approaches 
using complementary, 
overlapping oligonucleotides 
enabled genes to be synthesized 
directly from sequence (45,46).

One-Step DNA Assembly
Development of one-step 
assembly methods, 
including Golden Gate (51), 
USER®, Gibson Assembly® 
(52) and NEBuilder HiFi 
DNA Assembly (53). 

On the Shoulders of Giants
Helping to Establish the Field of Synthetic Biology

Custom Oligonucleotides
In the late 1950s, Khorana 
developed the synthetic approach 
of blocking/deblocking cycles for 
the stepwise elongation of oligos. 
This eventually led to solid phase 
synthesis and automation.

1950s

1960s
1980s

1990s

2000s

2010s

 1970s

See page 7 for references associated with this article.
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Advantages of Golden Gate Assembly

 •   Seamless cloning – no scar remains  
following assembly

•   Ordered assembly of multiple fragments 
in a single reaction

 •   Efficient with regions with high GC 
content and areas of repeats

•   Compatible with a broad range of  
fragment sizes (< 100 bp to > 15 kb)

•   Free tool available at   

GoldenGate.neb.com

NEB Golden Gate Assembly

New England Biolabs supplies reagents for use in Golden Gate Assembly, including restriction 
enzymes and ligases. Our new NEB Golden Gate Assembly Mix utilizes two simultaneous 
enzymatic activities in a single reaction, specifically digestion with  BsaI and ligation with T4 
DNA Ligase.

NEB Golden Gate Assembly Mix offers 
improved assembly

Assembly reactions were set up using precloned inserts according to 
manufacturer’s instructions, and are shown above. Two separate 
experiments are shown.
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Advantages over Gibson Assembly®  
Master Mix

•   Enjoy less screening/re-sequencing of 
constructs, with virtually error-free, high-
fidelity assembly.

•   Join DNA fragments together more 
efficiently, even with larger fragments or 
low DNA inputs.

•   Use in successive rounds of assembly; 
removes 5´ and 3´ restriction enzyme end 
mismatches. 

•   Bridge two-stranded fragments with a  
synthetic single-stranded DNA oglio for 
simple and fast construction (e.g., linker 
insertion or gRNA libraries).

•    Switch from other systems easily; 
compatible with Gibson Assembly-
designed (and other) fragments.

•   No licensing fee requirements on 
NEBuilder products from NEB.
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NEBuilder HiFi DNA Assembly Master Mix 
offers improved efficiency and accuracy over 
Gibson Assembly.

Reactions were set up in a 4-fragment assembly reaction 
according to recommended reaction conditions. Amount of 
DNA and size of overlap is shown.

NEBuilder HiFi DNA Assembly enables virtually error-free joining of DNA fragments, even those with 5´ 
and 3´ end mismatches. Available with and without competent E. coli, this flexible kit enables simple and fast 
Seamless Cloning utilizing a new proprietary high-fidelity polymerase. Find out why NEBuilder HiFi is the 
next generation of DNA assembly and cloning.

NEBuilder HiFi DNA Assembly

NEBuilder®

Need help 
designing 
primers 
for DNA 
assembly?

Try NEBuilder Assembly 
Tool at NEBuilder.neb.com

Need help 
designing 
your 
experiments?

Try NEB Golden Gate 
Assembly Tool at 
GoldenGate.neb.com

For UK prices scan 
this code or visit:
www.neb.uk.com

NEB Golden Gate
Assembly Tool

Assembly Protocol
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Synthetic Biology/DNA Assembly Selection Chart
NEB now offers several products that can be used for DNA Assembly and cloning. Use this chart to determine which 
product would work best to assemble your DNA.

NEBuilder HiFi  
DNA Assembly

NEB #E2621S/L/X 
NEB #E5520S

Gibson  
Assembly® 

NEB #E2611S/L
NEB #E5510S

NEB  
Golden Gate  

Assembly Mix 
NEB #E1600S

USER  
Enzyme 

NEB #M5505S/L

properties

Removes 5´ or 3´ End Mismatches *** * N/A N/A

Assembles with High Fidelity at Junctions *** ** *** ***
Tolerates Repetitive Sequences at Ends * * *** ***
Generates Fully Ligated Product *** *** *** NR

Joins dsDNA with Single-stranded Oligo *** ** NR NR

Assembles with High Efficiency with  
Low Amounts of DNA *** ** ** **
Accommodates Flexible Overlap Lengths *** *** * **
applications

Simple Cloning (1-2 Fragments) *** *** *** ***
4-6 Fragment Assembly *** *** *** ***
>6 Fragment Assembly *** ** *** ***
Template Construction for In vitro Transcription *** ***  *** *
Synthetic Whole Genome Assembly *** * * *
Multiple Site-directed Mutagenesis *** *** ** *
Library Generation ** ** ** **
Pathway Engineering *** ** ** ***
TALENs ** ** *** **
Short Hairpin RNA Cloning (shRNA) *** ** * *
gRNA Library Generation *** ** * *
Large Fragment (>10 kb) Assembly *** *** *** **
Small Fragment (<100 bp) Assembly *** * *** ***
Use in Successive Rounds  
Restriction Enzyme Assembly *** * NR *

Optimal, recommended product 
for selected application*** Works well for selected application** Will perform selected application,  

but is not recommended* Not applicable  
to this application

N/A

Not recommendedNR
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NEW

library preparation

NEBNext Library Quant 
Kit for Illumina®

Benefits
• Be confident in your quant values, as 

our kit provides more accurate and 
reproducible results than other methods 
and kits.

• Get up and running quickly with our 
easy-to-use kit, containing Library 
Dilution Buffer, optimized master mix, 
4 standards and ROX dye.

• Simplify your reaction setup with fewer 
pipetting steps and a single extension 
time for all libraries.

• Quantitate more libraries per kit, as only 
4 standards are required.

• Use with all your libraries, regardless of 
insert size, GC content and preparation 
method.

• Save money with our value pricing.

Accurate quantitation of next-generation sequencing libraries is essential for maximizing data output and quality from each sequencing 
run. Furthermore, for Illumina sequencing, accurate quantitation of libraries is critical to achieve optimal cluster densities, a requirement for 
optimal sequence output. qPCR is considered to be the most accurate and effective method of library quantitation, providing considerably 
higher consistency and reproducibility of quantitation. Amplification-based methods quantitate only those molecules that contain both 
adaptor sequences, thereby providing a more accurate estimate of the concentration of the library molecules that can be sequenced. The 
NEBNext Library Quant Kit delivers significant improvements to qPCR-based library quantitation for next gen sequencing.

The NEBNext Library Quant Kit delivers greater reproducibility of library 
quantitation.

Three 340–400 bp libraries were quantitated 
by 4 different users 2–4 times using either the 
NEBNext or Kapa Library Quantification 
Kit (Universal). A notable improvement in 
quantitation consistency was observed for 
concentrations determined by the NEBNext 
Kit (orange) versus those from the Kapa kit 
(gray).
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Ordering Information

The NEBNext Library Quant Kit values enable optimal cluster densities.

Seven different libraries were quantitated using either the NEBNext Library Quant Kit (orange) or the Kapa™ Library 
Quantification Kit (Universal) (gray). Undiluted library concentrations ranged from 2–200 nM. Libraries were diluted 
to 8 pM and loaded onto a MiSeq instrument (v2 chemistry; MCS v2.4.1.3). Libraries quantitated with the NEBNext kit 
resulted in a raw cluster density average of 1160 k/mm2, directly in the optimal range of 900–1300 k/mm2. In contrast, 
libraries loaded based on the Kapa quantitation averaged only 660 k/mm2. 

PRODUCT NEB # SIZE PRICE

NEBNext Library Quant 
Kit for Illumina

E7630S
E7630L

100 rxns
500 rxns

£90
£380
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For more information or to request a sample, contact info.uk@neb.com. For 
licensing information, visit www.neb.com.

Count on it.
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Ordering Information

rna analysis

NEWHiScribe T7 ARCA mRNA Kits
Available with and without tailing  
Most eukaryotic mRNAs require a 7-methyl guanosine (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.

Advantages
 •   Quicker workflow takes you from capping to purification 

in 2 hours

 •    Flexible workflow enables incorporation of modified 
bases

  •   Maintain the utmost in mRNA integrity with ultra-high 
quality components

 •   Get the best translation efficiencies with correctly oriented 
ARCA caps

 •   All-inclusive kit contains all of the reagents you’ll need

 •   Each kit provides reagents for twice the reactions of 
competitors’ kits
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Both cap and tail are required for mRNA function in cell 
culture. 

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. 

PRODUCT NEB # SIZE PRICE

HiScribe T7 ARCA mRNA Kit (with Tailing) E2060S 20 reactions £320

HiScribe T7 ARCA mRNA Kit E2065S 20 reactions £275

Ordering Information
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Analysis of mRNAs before and after tailing on the Agilent 2100 Bioanalyzer.

The HiScribe T7 ARCA mRNA Kit (with tailing) yields  
150-base poly(A) tails for enhanced translational efficiency.

This electropherogram trace enables the analysis of CLuc poly(A)-tail length, both before 
and after tailing, on the Agilent 2100 Bioanalyzer ®.

Average poly(A)-tail length can be estimated by analysis 
of the electropherogram.

80

70

60

50

40

30

20

10

0

25 200 500 1000 2000 4000

CLuc - untailed 

CLuc - tailed

L: Ladder

RNA Length (nt)

Fl
uo

re
sc

en
ce



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

At CST we want to enable your research, not just with the most thoroughly-validated reagents available, 
but also with equally authoritative resources such as protocols and signaling pathway information. 
Whether a seasoned flow cytometry user or just starting out with flow experiments, visit our website 
and benefit from our:

• Introduction to flow cytometry animation

• Flow cytometry troubleshooting guide

• Flow cytometry protocol

• Protocol for combined staining of intracellular proteins and cell surface markers in blood

Visit www.cellsignal.com/flow for more information

Z

Flow Cytometry 
Resources at CST™

FLOW CYTOMETRY

Flow cytometric analysis of human PBMCs, unstimulated (left) or stimulated (right) with anti-CD3 and anti-CD28 (both at 2 μg/ml, 1 hr, 37ºC), 
using Phospho-SLP-76 (Ser376) (D9D6E) Rabbit mAb and co-stained with a CD3 antibody. Stimulation increases phosphorylation of SLP-76 at 
(Ser376) in the CD3 (T cell) population (right plot, upper right quadrant) relative to unstimulated cells (left plot, upper right quadrant). Anti-rabbit 
IgG (H+L), F(ab’)2 Fragment (Alexa Fluor® 488 Conjugate) #4412 was used as a secondary antibody.

Introducing: 

Phospho-SLP-76 (Ser376) (D9D6E) Rabbit mAb for Flow Cytometry (Human, mouse)
SH2 domain-containing leukocyte protein of 76 kDa (SLP-76) is a hematopoietic adapter protein that is important in multiple biochemical signaling 
pathways and necessary for T cell development and activation. Phosphorylation of SLP-76 at Tyr113, Tyr128, and Tyr145 is well known for propagation 
of TCR signaling by promoting the assembly of a multi-protein signaling complex that includes Vav, Nck, Itk and PLCγ1. The more recently identified 
phosphorylation at Ser376 by hematopoietic progenitor kinase 1 (HPK1) after TCR ligation is associated with down regulation of TCR signaling. 
Phosphorylation of SLP-76 at Ser376 induces interaction with 14-3-3ε, leading to the disassembly of TCR signaling complexes.

This is the first commercially available Phospho-SLP-76 (Ser376) antibody validated for flow cytometry.

Phospho-SLP-76 (Ser376) 
(D9D6E) Rabbit mAb is 
available conjugated to PE 
(#15130) or unconjugated 
(#14745)

Phospho-SLP-76 (Ser376) (D9D6E) Rabbit mAb 
(PE Conjugate) 

#15130S 100 µl (50 tests) £292

Phospho-SLP-76 (Ser376) (D9D6E) Rabbit mAb 

#14745S 100 µl (10 western blots £237
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ALEXA FLUOR® is a registered trademark of Life Technologies, Inc. The Alexa Fluor® dye antibody conjugates in CST™ products are sold 
under license from Life Technologies Corporation, for research use only for immunocytometry, immunohistochemistry, high content 
screening (HCS) analysis, or flow cytometry applications. The Alexa Fluor® dye conjugates in CST products are sold under license from Life 
Technologies Corporation, for research use only excluding use in combination with DNA microarrays and high content screening (HCS).
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New from CST: 

PathScan® Intracellular Signaling Membrane Array Kit 
#14471

Z

 
HT-29 cells were grown to 80% confluency and then either untreated (left panel) or UV-irradiated (30 mJ) and allowed to recover 
for 60 min (right panel). Images were acquired by briefly exposing the membranes to standard chemiluminescent film.

ANTIBODY ARRAYS

PathScan® Intracellular 
Signaling Membrane Array Kit

Target Modification Site Modification

ERK 1/2 (Thr202/Tyr204) Phosphorylation

Stat1 (Tyr701) Phosphorylation

Stat3 (Tyr705) Phosphorylation

AKT (Thr308) Phosphorylation

AKT (Ser473) Phosphorylation

AMPKα (Thr172) Phosphorylation

S6 Ribosomal Protein (Ser235/236) Phosphorylation

mTOR (Ser2448) Phosphorylation

HSP27 (Ser78) Phosphorylation

Bad (Ser112) Phosphorylation

p70 S6 Kinase (Thr389) Phosphorylation

PRAS40 (Thr246) Phosphorylation

p53 (Ser15) Phosphorylation

SAPK/JNK (Thr180/Tyr182) Phosphorylation

PARP (Asp214) Cleavage

Caspase-3 (Asp175) Cleavage

GSK-3β (Ser9) Phosphorylation

• The membrane array kit consists of multiple capture antibodies spotted on 

a nitrocellulose membrane – simply apply the untreated or treated lysate to 

the membrane. 

• The target proteins bind to the capture antibodies and are detected using 

a detection antibody followed by an HRP conjugated secondary antibody. 

• The HRP signal is detected using a luminol based detection reagent and 

standard X-ray film or phosphoimager.

• Each kit contains 4 membrane arrays and enough reagents to complete 4 

different assays.

PathScan® Intracellular Signaling Membrane Array Kit                
#14471                        1 Kit                                     £499

Kit Contains Quantity

Array Membranes - Intracellular Signaling Array Kit 
(Membrane)

1 Ea 

Array 8-Well Dish - Membrane Array 1 Ea

Chemiluminescent Development Folder 2

20X Array Wash Buffer 15 ml 

Array Diluent Buffer - Membrane Array 15 ml

Detection Ab Cocktail (10X) - Intracellular Signaling 
Array Kit (Membrane) 

650 µl 

HRP-Linked Streptavidin (10X) - Membrane Array 650 µl

Luminol / Enhancer Solution 3 ml

Stable Peroxide Buffer 3 ml 

PathScan® Sandwich ELISA Lysis Buffer (1X) #7018 30 ml

This new addition to the PathScan® product family, allows the simultaneous 
measurement of 18 signaling-related proteins.

SAPK/JNK
(Thr183/
Tyr185)

p38
(Thr180/
Tyr182)

HT-29 + UVHT-29

p53
(Ser15)

p53
(Ser15)

PathScan® is a registered trademark of Cell Signaling Technology, Inc.
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CREB (D76D11) Rabbit mAb #4820
Other Company’s Antibody
Normal Rabbit IgG #2729

Enzymatic digestion preserves 
DNA-protein complexes

High Signal             +              Low Noise

Sonication disrupts 
DNA-protein complexes

CST antibody enriches on target 
DNA-protein complexes

Cross-reactive antibody enriches 
both on and o� target 
DNA-protein complexes

Other Company’s ChIP Kit

CST™ SimpleChIP® Kit

 = Strong, 
    Consistent
    Results

 Low Signal             +              High Noise  = Weak, 
    Variable
    Results
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Every step matters.

For Research Use Only. Not For Use In Diagnostic Procedures. 
© 2014 Cell Signaling Technology, Inc. Cell Signaling Technology®, CST™, and SimpleChIP® are trademarks of Cell Signaling Technology, Inc.

Chris, Senior Group Leader, Development 
has been with CST since 2005.

SimpleChIP® Kits + CST Validated Antibodies 

Learn more about the  
SimpleChIP® advantage:  
www.cellsignal.com/chipcell

= Strong, Reliable Results


