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25% Off All Luna Kits
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& RT-qPCR Products

Find the right Luna product for your application
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Select your
detection method

Dye-based

Genomic DNA
or cDNA

1

Probe-based

Luna Universal
qPCR Master Mix
(NEB #M3003)

Luna Universal Probe
qPCR Master Mix
(NEB #M3004)

Select
your target
Luna Universal
Luna Universal Probe
One-Step
RNA
cDNA
DNA
RT-qPCR
RNA One-Step RT-qPCR Kit One-Step RT-qPCR Kit
(NEB #E3005)
Reverse
transcription

(NEB #E3006)

&

ORDERING INFORMATION:
SIZE

Luna Universal qPCR
Master Mix

M3003S
M3003L
M3003X
M3003E

200 rxns (2 x 1 ml)
500 rxns (5 x 1 ml)
1000 rxns (10 x 1 ml)
2500 rxns (1 x 25 ml)

£95
£226
£383
£853

PRICE
£71.25
£169.50
£287.25
£639.75

Luna Universal Probe
qPCR Master Mix

M3004S
M3004L
M3004X
M3004E

200 rxns (2 x 1 ml)
500 rxns (5 x 1 ml)
1000 rxns (10 x 1 ml)
2500 rxns (1 x 25 ml)

£95
£190
£330
£734

£71.25
£142.50
£247.50
£550.50

Luna Universal OneStep RT-qPCR Kit

E3005S
E3005L
E3005X
E3005E

200 rxns
500 rxns
1000 rxns
2500 rxns

£205
£502
£780
£1734

£153.75
£376.50
£585
£1300.50

E3006S
Luna Universal Probe E3006L
One-Step RT-qPCR Kit E3006X
E3006E
LunaScript RT
E3010S
SuperMix Kit
E3010L

200 rxns
500 rxns
1000 rxns
2500 rxns
25 rxns
100 rxns

£180
£405
£710
£1564
£124
£386

£135
£303.75
£532.50
£1173
£93
£289.50

®

Luna Universal Probe One-Step
RT-qPCR Kit (NEB #E3006)

LunaScript RT
SuperMix Kit

Two-Step
RT-qPCR

RNA

cDNA

cDNA

DNA

Reverse
transcription

qPCR

LunaScript™ RT
SuperMix Kit
(NEB #E3010)

Luna Universal
qPCR Master Mix
(NEB #M3003)

Our latest addition to the Luna
qPCR/RT-qPCR portfolio, the
Luna Universal Probe
qPCR Master Mix
LunaScript RT SuperMix Kit is
(NEB #M3004)
optimized for first strand cDNA synthesis in the context of
a two-step RT-qPCR workflow. It delivers best-in-class performance, userfriendly protocols, and includes a convenient blue dye to track your sample.
Combine LunaScript with
Luna qPCR Master Mixes for
a two-step RT-qPCR workflow
with excellent sensitivity and
accurate, linear quantitation.

Make a simpler choice

• Non-interfering, visible tracking
dye helps to eliminate pipetting
errors

Visit LUNAqPCR.com
to request a sample.

TERMS & CONDITIONS: Offer valid in the UK and Ireland only from 1/7/18 - 31/12/18. No cash or
cash equivalent. No substitution. Offer valid on new orders for Luna products only (#M3003S/L/X/E,
M3004S/L/X/E, #E3005S/L/X/E, #E3006S/L/X/E, #E3010S/L). Offer may not be applied to existing,
pending or prior orders. Cannot be combined with any other promotions. No other discounts apply.
Void if copied or transferred and where prohibited by law.

Should I choose one‑step or two‑step RT‑qPCR?
One-Step
RT-qPCR

RT Primers

Advantages

Disadvantages

Ideal Uses

NEB Reagents

• Gene-specific
primers

• Quick setup and
limited hands-on
time

• Need fresh RNA
sample(s) to
analyze new
targets or repeat
experiments

• Assessing many
RNA samples

• Dye-based detection:
Luna Universal One-Step
RT-qPCR Kit (NEB #E3005)

• Assessing
multiple targets
from few RNA
samples

• Single closedtube reaction,
reducing
contamination

• One product per application
simplifies selection
• Convenient master mix and
supermix formats with userfriendly protocols simplify
reaction setup

OFFER

NEB #

qPCR

Luna Universal One-Step
RT-qPCR Kit (NEB #E3005)

LIST
PRICE

PRODUCT

Two-Step
RT-qPCR

• Oligo(dT)
primers

• Choice of RT
primers

• More setup and
hands-on time

• Random
hexamer primers

• Flexible reaction
optimization (RNA
input, choice
of enzyme(s),
enzyme amount,
& reaction

• Greater variation
and risk of
contamination
due to extra
open-tube step
and pipetting

• Gene-specific
primers
• A combination of
the above

• High-throughput
applications

• Saving cDNA
product for future
re-use

• Probe-based detection:
Luna Universal Probe One-Step
RT-qPCR Kit (NEB #E3006)

• cDNA synthesis:
ProtoScript II First Strand cDNA
Synthesis Kit (NEB #E6560)*
• Dye-based detection:
Luna Universal qPCR Master
Mix (NEB #M3003)
• Probe-based detection:
Luna Universal Probe qPCR
Master Mix (NEB #M3004)
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TECHNICAL NOTE

Breaking through the Limitations of Golden Gate Assembly–
The Co-Evolution of Test Systems, Engineered Enzymes
and Understanding Ligase Fidelity
by Rebecca Kucera, M.Sc. and Eric Cantor, Ph.D., New England Biolabs, Inc

INTRODUCTION
Golden Gate Assembly is a molecular cloning
technique that utilizes simultaneous digestion
with type IIS restriction enzymes and ligation
by a DNA ligase to enable the scarless, ordered
assembly of multiple fragments (1). Embraced by
the synthetic biology community as well as the
general molecular biology community, it is commonly used to assemble 2–10 inserts, or modules,
in a single “one-pot” reaction to form complex,
multi-insert modular assemblies that enable biosynthetic pathway engineering and optimization.
However, Golden Gate is also useful for both
single-insert cloning, and inserts from diverse
populations that enable library creation.

Current best practices for assemblies of more than
10 modules often rely on two-step hierarchical
approaches using different type IIS restriction
enzyme specificities at each step. In the past, variables such as enzyme efficiency, stability and compatibility in a common buffer have placed practical
limits on single- or two-step assemblies. We have
greatly reduced those limitations through ongoing
engineering efforts of type IIS restriction enzymes
and the use of experimentally-derived T4 DNA
Ligase fidelity data to guide the selection of four
base overhangs. This work demonstrates that it is
now possible to achieve 20+ fragment assemblies
with both robust efficiency and accuracy.

FIGURE 1:
Golden Gate Assembly workflow for complex assemblies
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New England Biolabs has been committed to
further developing Golden Gate protocols and
enzymes for a number of years, a commitment
that has enabled the development of a variety of
test systems with increasing complexities. These
more difficult assemblies have allowed us to
identify and implement improvements in Golden
Gate assembly that could not be detected with
simpler 1–10 insert test systems. Our research
focused on three different levels of assembly:
• high efficiency and accurate
single-insert assembly
• intermediate 5- or 12-fragment assembly, mirroring the commonly perceived
“upper limit” for assembly
• more complex 24-fragment assembly
Table 1 (page 2) illustrates the breadth of testing
systems used by NEB to address this range of
usage for Golden Gate as assembly approaches
have evolved.

BsaI-HFv2
5´

DEVELOPMENT OF GOLDEN GATE
ASSEMBLY TEST SYSTEMS

Assembled
DNA product

Before assembly optimization, each test system
was evaluated in a variety of ways. Single insert
cloning based on the acquisition of a selectable antibiotic marker allowed fast throughput
testing of efficiencies. This cloning was also
compared to a similar-sized lambda amplicon to
indicate any possible bias towards suppression
of background by antibiotic selection. Screening of transformants by colony PCR confirmed
the insertion of the lambda insert at the same
high frequencies. The 5-, 12- and 24-assembly
systems are based on the ability to correctly assemble a lacI/lacZ cassette (designed by NEB for
use in many of our cloning systems) to produce a
blue color phenotype upon growth

TABLE 1:
Assembly test systems of increasing complexities designed
at New England Biolabs

BREAKING THROUGH THE LIMITS
OF GOLDEN GATE ASSEMBLY

All inserts self-assemble into the pGGA destination construct. Reactions were incubated at 37°C for 5-min. or 60-min. for single inserts, and
30 cycles of (5 min. 37°C → 5 min. 16°C) for the 5, 12 and 24 fragment assemblies. In both cases, a terminal soak of 5 min. at 55°C was used to
complete the assemblies at a temperature that favors cutting of any uncut/re-formed pGGA to reduce background. Single-insert assemblies used
purified amplicon inserts at a 2:1 insert:vector ratio, while the lacI/lacZ cassettes used precloned inserts at equimolar levels to pGGA. Full details
for complex assemblies using BsaI-HFv2 and T4 DNA Ligase are included at the end of this paper.
NUMBER
OF INSERTS

GOLDEN GATE ASSEMBLY
TEST SYSTEM

SIZE OF INDIVIDUAL
INSERTS

SIZE OF ASSEMBLED
INSERTS

INDICATION OF CORRECT ASSEMBLIES INTO pGGA (CamR)
DESTINATION PLASMID

1

AmpR, KnR, or
Lambda amplicon

~1 kb

~1 kb

Growth on Cam/Amp, Cam/Kn
or Cam/colony PCR

5

lacI/lacZ Cassette

~1 kb

~5 kb

Blue colony on
Cam/X-gal/IPTG plates

12

lacI/lacZ Cassette

~300–600 bp

~5 kb

Blue colony on
Cam/X-gal/IPTG plates

24

lacI/lacZ Cassette

~100–300 bp

~5 kb

Blue colony on
Cam/X-gal/IPTG plates

on LB/Cam/X-gal/IPTG agar plates, indicating
successful reconstruction of the coding sequence
for beta-galactosidase in the lacI/lacZ cassette.
Additional validation of these assembly systems
was performed by the sequencing of plasmids
isolated from blue or white colonies. Sequencing
of blue colonies showed the expected complete
sequence for the lacI/lacZ genes (2), while
sequencing of white colonies were a mixture
of mis-assemblies and very occasional uncut or
cut/re-ligated pGGA destination plasmids. A
final validation of the 5-, 12- or 24-fragment
test systems was performed by setting up assembly reactions in which a single component
was purposefully omitted. Since any assembly
is dependent on the presence of every module,
destination construct and functioning type IIS
restriction enzyme and DNA ligase, any single
omission should completely block the formation
of a complete assembly that would result in a
blue phenotype. Indeed, this was seen in all lacI/
lacZ assembly test systems; no blue colonies were
obtained if any single component was omitted.

umes of the outgrowth on the selection plate
to achieve enough transformants for downstream screening. Figure 2 shows representative
transformation plates obtained from 1-, 12and 24-fragment assemblies of the lacI/lacZ
cassette, and illustrates how the volume of the
1 ml outgrowth spread on each transformation
plate can be manipulated to result in appropriate levels of colony plating densities.

Five fragment lacI/lacZ cassette assembly was
easily achievable with high levels of transformants and low backgrounds – so much so that
there was little range for detectable improvements in the methodology. The decision was
made to re-design the test system for 12 and 24
fragments. This was guided by both advances
in the re-engineering of the original BsaI-HF®
type IIS restriction enzyme and the completion
of T4 DNA Ligase fidelity studies conducted
by Potapov et al. at NEB (1,2). T4 DNA Ligase,
the mainstay of most biotechnological cloning
efforts for over 50 years, greatly prefers to ligate
only correct Watson-Crick base pair annealed
overhangs. However, a lower level of mismatch
ligation events can be detected. Using 256 synthetic substrates that represent all possible 4 bp
overhangs, NEB researchers profiled the fidelity
of cohesive end ligation by this enzyme under
standard reaction conditions. This data set allows
quantitation of ligation efficiency and identification of mismatch-prone junctions. These observations can be used to predict highly accurate
sets of connections for Golden Gate cloning.
Accurate “high-fidelity” junction sets for both
the 12- and 24-fragment versions of the lacI/
lacZ cassette were designed and synthesized. In
conjunction with BsaI-HFv2 (NEB #R3733),

FIGURE 2:
Representative Transformation Plates of Golden Gate Assemblies Featuring
Increasing Complexities
Assembly reactions were transformed into competent E. coli cell strains NEB 10-beta (#C3019) (1 fragment) and T7 Express (#C2566) (12 and 24
fragments) and incubated for 16 hours at 37°C. While many cell strains support assembly protocols and #C3019 10-beta is routinely recommended
due to its ability to stably maintain large construct plasmid sizes, the non-alpha complementing #C2566 T7 Express cell strain was used for the lacI/
lacZ cassette testing to avoid any possibility of alpha-fragment LacZ complementation.

AmpR amplicon

lacI/lacZ gene cassette fragments

All Golden Gate assemblies feature an inverse
proportionality between the complexity of the
assembly (number of inserts or modules) and
the resulting efficiency of assembly (number of
transformants); the greater the number of inserts,
the lower the number of transformants. This is
often compensated for by plating greater vol-

1 fragment
(2.5 µl outgrowth)

12 fragments
(5 µl outgrowth)

24 fragments
(100 µl outgrowth)
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TECHNICAL NOTE (CONT.)

FIGURE 3:
Golden Gate Assembly of 24 fragments can be achieved with high efficiency
and accuracy
Twenty-four fragment assemblies of the lacI/lacZ cassette were performed using the protocol included in this article. While 30 cycles is sufficient to
achieve 24 fragment assemblies, the stability of the BsaI-HFv2 and T4 DNA Ligase allows continued assembly through 45 and 60 cycles with a low
background. (a) Efficiency of assembly and (b) accuracy of assembly versus cycle number.

A. Efficiency of assembly

B. Accuracy of assembly
100

160

90

140
120
100
80
60
40
Duplicate 1
Duplicate 2
Average

20
0

0

15

30

45

60

Number of Cycles
(5 min 37°C  5 min 16°C)

TABLE 2:
Yields and fidelities for Golden Gate Assemblies with BsaI-HFv2 and
T4 DNA Ligase
Efficiency of assemblies per plate using outgrowth volumes described in Figure 3, with calculated yields from entire outgrowth
built from 2 µl of the assembly reaction, and from the entire assembly reaction. All assembly protocols had a 5 min, 55°C
terminal soak before transformation.
NUMBER OF
FRAGMENTS
ASSEMBLED

GOLDEN GATE
ASSEMBLY PROTOCOL*
(VOLUME OF 1 ml
OUTGROWTH PLATED)

CORRECT
ASSEMBLIES
PER PLATE

FIDELITY OF
ASSEMBLY
(PERCENT CORRECT)

1

5 min., 37°C (2.5 µl)

687

1

60 min., 37°C (2.5 µl)

12

(5 min., 37°C → 5 min. 16°C)
x 30 (5 µl)

24

(5 min., 37°C → 5 min. 16°C) x
30 (100 µl)

CALCULATED COLONY TOTALS
PER 2 µl
ASSEMBLY
REACTION

PER FULL ASSEMBLY
REACTION**

100%

274,200

2,742,000

1,623

100%

649,200

6,492,000

245

99.5%

48,900

489,000

78

90.7%

783

9,792

* All assembly reactions had a 5 minute terminal soak after either 37°C incubations or cycling.
** Assembly reaction volumes were 20 µl (1, 12 fragments) or 25 µl (24 fragments).
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Colonies with Blue Phenotype (%)
(Corrrect lacI/lacZ Cassette Assembly)

Number of Blue Colonies per 100 µl Outgrowth
(1/10 Total Outgrowth)

re-engineered to provide improved Golden Gate
performance, a series of optimization experiments for these more complex assemblies were
performed. It was found that high efficiencies
and accurate assembly levels were indeed possible, with correct, in-frame assembly proceeding in 99% of 12-fragment assemblies and
over 90% for 24-fragment assemblies (Figure
3, Table 2). Additionally, the stability of the
enzymes allowed use of a greater number of
thermocycles, pushing the efficiency levels even
higher than afforded by the standard 30 cycles
for those wishing maximal transformation levels.
Extended reaction cycling is only successful
when using highly stable enzymes that maintain
activity beyond the standard 5 hours required
for 30 cycles, utilizing 5-minute stages at temperatures favoring digestion (37°C) and ligation
(16°C).

80
70
60
50
40
30
20

Duplicate 1
Duplicate 2
Average

10
0

0

15

30

45

60

Number of Cycles
(5 min 37°C  5 min 16°C)

LOOKING TO THE FUTURE
DNA assembly methods are important tools for
many areas of science, and researchers continue
to test the limits of DNA assembly approaches
with increasingly complex experimental conditions. The ability to construct more complex,
multi-fragment assemblies, as shown in this
work, will fuel additional efforts to push the
technique forward. Our research and development efforts continue to focus on providing
optimized reaction components for a wider
number of type IIS specificities and substantial
improvements to the methodology, with the
goal of enabling routine, efficient and accurate
assembly of 50 fragments in a single tube in the
not-so-distant future.
References:
1. Potapov, V., et al. (2018) Nucleic Acids Research, gky303;
doi: https://doi.org/10.1093/nar/gky303
2. Popatov, V., et al. (2018) bioRxiv, 322297; doi:
https://doi.org/10.1101/322297

PROTOCOL

Golden Gate (24 Fragment) Assembly Protocol
Note: For complex (>10 fragment) assemblies, high efficiencies are achievable with increased
ligase and BsaI-HFv2 levels (1000 units T4 DNA Ligase, 30 units BsaI-HFv2), as listed in
this protocol. For assemblies involving 10 fragments and less, the standard amounts (500
units T4 DNA Ligase, 15 units BsaI-HFv2) are sufficient. Note the reaction volume of 25 µl
is used to allow sufficient volume for precloned insert additions, if needed.

Materials
• T4 DNA Ligase (NEB #M0202)
• BsaI-HFv2 (NEB #R3733)
• pGGA Destination Plasmid*

Assembly Reactions

• NEB 10-beta Competent E. coli
(NEB #C3019)

1. Set up 25 µl assembly reactions as follows:
REAGENTS

ASSEMBLY REACTION

NEGATIVE CONTROL (IF DESIRED)

pGGA Destination Plasmid*, 75 ng/μl

1 μl (75 ng)

1 μl (75 ng)

24 precloned inserts cloned into pMiniT
2.0, 100 ng/ul each plasmid

0.75 µl (75 ng) each, (18 µl total)

T4 DNA Ligase Buffer (10X)

2.5 μl

2.5 μl

T4 DNA Ligase (NEB #M0202), 2000 U/µl

0.5 μl (1000 units)

0.5 μl (1000 units)

BsaI-HFv2 (NEB #R3733), 20 U/µl

1.5 μl (30 units)

1.5 μl (30 units)

Nuclease-free H2O

1.5 µl

19.5 μl

-

*or user provided

• NEB 10-beta/Stable Outgrowth
Medium
(NEB #B9035)
• LB Agar plates with
chloramphenicol
* Included in the NEB Golden Gate Assembly Mix (NEB #E1600)

2. Mix gently by pipetting up and down 4 times.
3. Briefly microcentrifuge (1 sec.) to bring material to the bottom of tube.
4. Transfer to thermocycler and program as follows: (5 min 37°C → 5 min 16°C) x 30
cycles followed by 5 min 60°C. If reactions are done overnight, add a 4°C terminal hold
to the protocol, but repeat the final 5 min 60°C step the next day before the transformations.

Transformation
1. For each assembly, thaw a 50 µl tube of NEB 10-beta competent E. coli cells on ice for
5–10 min.
2. Add 2 µl of the assembly reaction; gently mix by flicking the tube 4-5 times.
3. Incubate on ice for 30 min.
4. Heat shock 42°C for 30 sec.
5. Place back on ice for 5 min.
6. Add 950 µl of room temperature 10-beta/Stable Outgrowth Medium (NEB #B9035).
Incubate at 37°C for 60 min., shaking vigorously (250 rpm) or using a rotation device.

Plating
1. Warm LB agar plates containing chloramphenicol (for pGGA) at 37°C for 15 min.
2. Mix the cells thoroughly by flicking the tube and inverting, then spread 100 µl outgrowth
onto each plate.
3.Incubate the plates overnight at 37°C, or 24 hrs at 30°C, or 48 hrs at 25°C.
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Pushing the Limits of Golden Gate Assembly
20+ fragment assembly now achievable with high efficiency and accuracy!
The efficient and seamless assembly of DNA fragments, commonly referred to as Golden Gate assembly (1,2), has its
origins in 1996 when, for the first time, it was shown that multiple inserts could be assembled into a vector backbone using
only the sequential (3) or simultaneous (4) activities of a single type IIS restriction enzyme and T4 DNA Ligase. Since this
pioneering work, Golden Gate has enabled single inserts, the cloning of inserts from diverse populations enabling library
creation, and multi-module assemblies. We now have made extraordinary improvements that touch every application of the
Golden Gate technology.
With constant advances both in the development of
new enzymes (e.g., BsaI-HFv2) and research on maximizing enzyme functionality (e.g., ligase fidelity), NEB
has become the industry leader in pushing the limits of
Golden Gate Assembly and related methods such as
MoClo, GoldenBraid, Mobius Assembly and Loop Assembly. NEB has all the products and
information you need to perform complex assemblies,
as demonstrated with 20+ fragment assemblies
exhibiting high efficiencies, high accuracy (> 90%)
and low backgrounds.

Advances in Ligase Fidelity
Research at NEB has led to increased understanding
of ligase fidelity, including the development of a
comprehensive method for profiling end-joining
ligation fidelity in order to predict which overhangs
have improved fidelity (5). This research has enabled
complex fragment assemblies with high efficiency and >
90% accuracy.
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Advantages of Golden Gate Assembly
• S
 eamless cloning – no scar remains
following assembly
• Fast (5 min.) protocols for routine, single-insert cloning
• High efficiencies for cloning during library creation
• Ordered assembly of multiple fragments (20+)
in a single reaction
• E
 fficient with regions with high GC content and
areas of repeats
• Compatible with a broad range of fragment sizes
(< 100 bp to > 15 kb)
• Free assembly tool available at GoldenGate.neb.com

Learn more and request a sample
of our new BsaI-HFv2 at
www.neb.com/GoldenGate

Type IIS Restriction Enzymes
NEB offers more Type IIS (i.e., recognize asymmetric DNA
sequences and cleave outside of their recognition sequence)
restriction enzymes than any other supplier, many of which
are used in Golden Gate Assembly. NEB is pleased to
introduce two new restriction enzymes for use in Golden
Gate: Esp3I, an isoschizomer of BsmBI that is recommended
for use at 37°C, stored at -20°C, and is supplied with
CutSmart® Buffer, and the improved BsaI-HFv2, which is
optimized for Golden Gate Assembly. Free samples of BsaIHFv2 are available upon request.

NEB Golden Gate Assembly Mix
The NEB Golden Gate Assembly Mix incorporates digestion
with BsaI and ligation with T4 DNA Ligase into a single
reaction, and can be used to assemble up to 12 fragments in
a single step.

HELPFUL ONLINE TOOLS

• Try NEB Golden Gate Assembly
Tool at GoldenGate.neb.com
for help with designing your
experiment
• View our webinar: Fidelity and
bias in end-joining ligation:
Enabling complex multi-fragment
Golden Gate DNA assembly at
www.neb.com/NEBTVwebinars

References:
1. Engler, C. et al. (2008) PLoS ONE, 3: e3647.
2. Engler, C. et al. (2009) PLoS ONE, 4: e5553.
3. Lee, J.H. et al. (1996) Genetic Analysis: Biomolecular
Engineering, 13; 139-145.
4. Padgett, K.A. and Sorge, J.A. (1996) Gene, 168, 31-35.
5. Potapov, V. et al. (2017) bioRxiv, 32297; doi: https://doi.
org/10.1101/322297

ORDERING INFORMATION
PRODUCT

NEB #

SIZE

PRICE

NEB Golden Gate Assembly Mix

E1600S

15 reactions

£148

BsaI

R0535S/L

1,000/5,000 units

£60/£241

BsaI-HF v2

R3733S/L

1,000/5,000 units

£60/£241

BbsI

R0539S/L

300/1,500 units

£60/£241

BbsI-HF

R3539S/L

300/1,500 units

£60/£241

BsmBI

R0580S/L

200/1,000 units

£62/£249

Esp3I

R0734S/L

300/1,500 units

£69/£310

T4 DNA Ligase

M0202S/L/T/M

20,000/100,000 units

£58/£230/£58/£230

T7 DNA Ligase

M0318S/L

1,000/5,000 units

£63/£252

NEB 5-alpha Competent E. coli (High Efficiency)

C2987H/I/P

20 x 0.05 ml/6 x 0.2 ml/
1 x 96 well plate

£171/£144/£436

NEB 10-beta Competent E. coli (High Efficiency)

C3019H/I

20 x 0.05 ml/6 x 0.2 ml

£153/£185

Welcome to the NEB
Podcast Series
Lessons from Lab & Life, is a podcast dedicated
to sharing helpful life lessons from successful
scientists. Listen as leading researchers draw
lessons from where scientific concepts (and
misconceptions) have come from, where they are
now, and where they are headed in the not-toodistant future. If you’ve got 20 minutes, we’ve got
a story that just might interest you.
Get started by listening to Lessons from Lab & Life at www.neb.com, or download from iTunes.
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Carrier-free Antibodies for Mass Cytometry
Cell Signaling Technology (CST) offers carrier-free antibodies

analyze cell functions, such as signaling. Imaging Mass

to be used in highly multiplexed single-cell analysis and

Cytometry™ combines CyTOF® capabilities with imaging for

imaging. These antibodies are:

spatial context. Imaging cytometers, such as the Hyperion™

•

Validated in relevant applications for specificity, sensitivity
and reproducibility

•

Free from BSA or other carrier proteins that interfere 		
with heavy metal conjugation

• Available at high concentrations (>1mg/ml) required for
conjugation

(from Fluidigm), are able to simultaneously image dozens
of biomarkers in FFPE or frozen tissue samples to provide
information on tissue architecture, protein co-localization,
and cellular interactions.

Why validated antibodies are important?
When selecting antibodies for metal conjugation, prior

Selecting antibodies for CyTOF® mass
cytometry and MaxPar® metal labeling

validation in relevant applications offers the greatest chance

The ability to analyze multiple markers in techniques

single-cell mass cytometry, such as Helios™ (from Fluidigm),

such as flow cytometry and fluorescent multiplex

consider selecting from CST's catalog of flow cytometry-

immunohistochemistry (IHC) requires the use of antibodies.

validated antibodies. For Imaging Mass Cytometry™, the

Spectral overlap limits the number of fluorochromes that

antibody you choose should be matched to your sample

can be concurrently used in a cell or tissue fluorescent

preparation method. For FFPE samples, consider selecting

assay. In addition, tissue autofluorescence and weak signal

from CST's catalog of IF-paraffin or IHC-validated antibodies.

intensity can make fluorescent IHC assays more challenging.

For frozen tissues, consider selecting from our IF-frozen

Cycling amplified fluorescent methods (e.g., Tyramide-based

validated antibodies.

methods) can improve signal intensity in tissue imaging,
but entail procedures that can potentially damage sensitive
epitopes within the tissue sample and require significant
optimization.

Why are researchers using CyTOF®
(time-of-flight mass spectrometry)?

of success. CST antibodies undergo rigorous validation and
specificity testing to ensure reproducible, reliable results. For

You can choose from our comprehensive portfolio of high
quality antibodies that are:
• Carrier-free formulated ready for metal conjugation
• Available at high concentrations (>1mg/ml)
• Validated in relevant applications such as flow cytometry
and IHC

Mass cytometry offers advantages for multi-parameter
analysis over flow and IHC applications, using metaltagged antibodies (e.g. antibodies conjugated to rare metals
using MaxPar® conjugation kits). By using heavy metals
rather than fluorophores, one can take advantage of the
low spectral overlap between heavy metal isotopes and
simultaneously profile over 30 proteins within a single cell
or tissue. Specifically, mass cytometry or CyTOF® uses
time-of-flight mass spectrometry to phenotype cells and

For Research Use Only. Not For Use in Diagnostic Procedures.
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For more information, please visit
www.cellsignal.com/custom

Shipping Temperature and Implications
for Antibody Performance
With the great British Summer upon us, we frequently
get questions about the proper shipping temperature for
antibodies. We decided to compile the most popular ones, in
the hope that the answers will also clarify your queries.

Question: Why do most of my CST orders ship at room
temperature?
We pride ourselves on top-quality antibodies, and stability
testing is a key component to guaranteeing high quality. Many
of our antibodies are unaffected by ambient temperatures
during the short shipping period. In fact, roughly 60% of our
antibodies can be shipped without any cooling measures
needed. Only about 39% of our antibodies require cold
shipping, and less than 1% require sub-zero shipping
conditions.

Question: How is an antibody’s best shipping
temperature determined?
Each antibody undergoes testing to determine the impact of
exposure to different temperatures over a one-week period.
Samples of the antibody are packaged and stored at three
temperatures: −20°C, room temperature, and 37°C. At the end
of seven days, the antibodies are assessed to determine if
there have been changes in their activity at any of the tested
temperatures.
For example, the shipping temperature test results for our
Phospho-p44/42 MAP Kinase (Thr202/Tyr204) Antibody
#9101 demonstrate the consistent performance of the
antibody after storage at all three temperatures:

www.cellsignal.com

Question: What about ambient shipping during hot
summer weather?
It is possible that a shipment could be exposed to high
temperatures as it sits inside the delivery truck on the day of
delivery. That is why our test includes a temperature of 37°C.
As shown in the results for Phospho-p44/42 MAP Kinase
(Thr202/Tyr204) Antibody #9101, the antibody is stable
even after one week at this elevated temperature, which far
exceeds the length of time a shipment might be exposed to
hot temperatures.

Question: Why does the temperature vary from shipment
to shipment?
The shipping temperature for an order is determined based
on the mix of products included in the order. If all items in an
order have been verified stable at ambient temperature, then
the entire order is shipped at ambient temperature. However,
if one or more items require cold shipping, then the entire
order is shipped in packaging designed to keep your product
between 2 and 8°C until it arrives in your lab. If you typically
receive your orders at ambient temperature but notice this
changes when you include a new item in your usual order, it
means the new item requires cold shipping.

Question: Does this mean I can store my antibodies at
room temperature?
In the majority of cases, long-term storage at ambient
temperature is discouraged because it could result in
antibody degradation. You should check the data sheet for
each antibody you receive to determine proper storage
temperature. In most cases your storage temperature will be
−20°C, although some conjugated antibodies may be stored
at 4°C. The correct storage temperature is listed on the vial.
Also, data sheets for each CST antibody are available at CST’s
Data Sheets webpage so you can easily identify or doublecheck the proper storage temperature for your antibodies.

Question: Why not just ship them all cold?

Figure 1 Western blot analysis of extracts from HEK293 cells, untreated or treated with UV
light (40mJ/cm2), probed with Phospho-p44/42 MAP Kinase (Thr202/Tyr204) Antibody #9101.

Here at CST, we are always looking for viable ways of
reducing our environmental footprint. By testing our
antibodies for shipping temperature options, we are able to
reduce the amount of shipping material waste generated
while still maintaining the highest product quality.

If you receive an antibody at room temperature, rest assured
that it has been thoroughly tested to ensure antibody
performance is still optimal following shipping.
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Immunofluorescence
See the best of our portfolio in 3-D

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

Request your free poster and glasses:
www.cellsignal.com/EUIF18

For more information on our IF-validated antibodies, visit:
www.cellsignal.com/IF
© 2018 Cell Signaling Technology® is a trademark of Cell Signaling Technology, Inc.

