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Living Colors™ DsRed2
Improved red fluorescent protein for use in living cells
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• Observe fluorescence only 24 hours
after transfection

• Increased solubility—low tendency
to form aggregates in living cells

• No cofactors or chemical staining
required

The newest addition to our Living Colors™
reporters—DsRed2—expands the utility of
our fluorescent proteins. DsRed2 is a variant of
our original red fluorescent protein (DsRed1),
modified through several point mutations.
These mutations improve the solubility 
of DsRed2 by reducing its tendency to form
aggregates and also reduce the time from
transfection to detection to only 24 hours.
DsRed2 retains the benefits of a red fluorescent
protein, such as a high signal-to-noise ratio
and distinct spectral properties for use in 
multicolor labeling experiments (Table I).

You can use DsRed2 by itself to measure trans-
fection efficiency, to determine intracellular
protein localization, or to isolate cells 
specifically producing your protein of interest.
Additionally, DsRed2 can be used in combina-
tion with Enhanced Green Fluorescent Protein
(EGFP), or any other variant of EGFP, to 
analyze mixed cell populations by flow 
cytometry (see page 21), or to monitor gene
expression from different promoters. By 
combining fluorescent reporters, you can also
colocalize fusions within a single cell. With the
addition of DsRed2 to our other colors of 
fluorescent proteins, we extend the range of
tools available for your research.

Improved solubility—less protein
aggregation
DsRed2 is optimized for high solubility and low
aggregation. Use of our original DsRed1 in
microscopy studies is limited by its tendency to
form aggregates. Figure 1 clearly illustrates 
visible aggregates in cells expressing DsRed1
targeted to either the cytoplasm or the nucleus.
In contrast, no protein aggregates are visible in
cells expressing DsRed2 targeted to either the
cytoplasm or nucleus. Although DsRed2 
probably forms tetramers, the point mutations
introduced to generate DsRed2 have drastically
reduced the protein’s propensity to aggregate
nonspecifically, making DsRed2 highly
amenable to fluorescence microscopy studies. 

Well-tolerated expression in 
mammalian cells
Comparison of DsRed2 to DsRed1 expression
in mammalian cells shows that DsRed2 is 
better tolerated than DsRed1. We initially 
transfected 293 cells with either pDsRed1-N1
or pDsRed2-N1. After a two-week selection
period, we sorted cells by FACS to remove any
nonfluorescent cells. After another four weeks
in culture, more than 75 percent of the DsRed2
population fluoresced, while less than 20 
percent of the DsRed1 population fluoresced
(Figure 2).

See your results faster
The mutations have also reduced the time from
transfection of your cells to detection of 
fluorescence. DsRed2 only needs 24 hours for
the production of sufficient fluorescence to
afford accurate and consistent results. Our

original DsRed1 required more than 48 hours
to detect sufficient fluorescence. In addition,
the relative fluorescence intensity of DsRed2 is
greater than DsRed1(Figure 3A). Figure 3B
illustrates that transfection efficiency is 
unaffected by the mutations made to our red
fluorescent protein. In the 24 hours following
transfection of 293 cells, a much higher number
of cells expressing DsRed2 were visible. By 72

Figure 1. DsRed2 forms no detectable aggregates. Photomicrographs of DsRed1 and DsRed2 expression in NIH 3T3
cells were taken at 72 hours after transfection. For the nuclear localization study, we transfected NIH 3T3 cells with
pDsRed1-Nuc or pDsRed2-Nuc. For the cytoplasmic localization study, we transfected NIH 3T3 cells with pDsRed1-N1
and pDsRed2-N1. While both nuclear and cytoplasmic images of DsRed1-expressing cells showed protein 
aggregates, images from DsRed2-expressing cells showed no visible protein aggregates.
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DsRed2 DsRed1
Excitation maximum 558 nm 558 nm
Emission maximum 583 nm 583 nm
Signal-to-noise ratio high high
Time to detection 24 hr 48 hr
Aggregation very low high
Toxicity low moderate
Oligomerization status tetramer tetramer

Table I: Comparison of DsRed1 
and DsRed2
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Figure 2. Reduced toxicity of DsRed2 to mammalian cell lines. Following transfection of 293 cells with either
pDsRed2-N1 or pDsRed1-N1, we cultured cells for two weeks in the presence of G418. We then sorted both populations
via FACS to remove any nonfluorescent cells and separately maintained each population emitting fluorescence for an
additional four weeks in the presence of G418. FACS analysis revealed that the original population of DsRed2-
expressing cells maintained a high percentage of positive cells and fluorescence intensity during the four weeks of
culture, whereas the DsRed1 cell population showed a decrease in both average intensity and number of positive
cells. M1: region chosen for initial sorting of fluorescent cells. Numbers in blue indicate the percentages of the total
cell populations in the M1 regions.
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Living Colors™ DsRed2...continued

Product Size Cat. #
pDsRed2 Vector 20 µg 6943-1

pDsRed2-1 Vector 20 µg 6944-1

pDsRed2-N1 Vector 20 µg 6973-1

pDsRed2-C1 Vector 20 µg 6974-1
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hours after transfection, both cell populations
have similar numbers of red fluorescent cells.

Same spectral properties as DsRed1
The mutations made to create DsRed2 do not
alter excitation and emission spectra, so you
can detect DsRed2 like DsRed1. DsRed2 has a
high signal-to-noise ratio with an emission
maximum of 583 nm. Since the emission 
spectrum of our red fluorescent protein is
shifted from the EGFP variants, separating cells
expressing DsRed2 from cells expressing any of
our EGFP variants is easily accomplished using
flow cytometry or fluorescence microscopy. 

The modifications made to DsRed2 do not
affect the region of the protein used to generate
the Living Colors™ D.s. Peptide Antibody
(#8370-1, 2). Thus, you can still use this anti-
body for your immunoprecipitations, Western
blotting, or immunohistochemical assays. 

We offer four DsRed2 vectors: a source vector
(pDsRed2), a promoterless vector (pDsRed2-1),
an N1 fusion vector (pDsRed2-N1) for 
N-terminal tagging, and a C1 fusion vector
(pDsRed2-C1) for C-terminal tagging. Each
fusion protein should be empirically tested to
determine if steric interference affects its 
function. Such experiments should identify the
most appropriate location for the fusion of
DsRed2 to the target protein.

Figure 3. Fluorescence develops within 24 hours of
transfection using pDsRed2-N1. Panel A. Comparison of
the relative fluorescence intensity detected in 293 cells
expressing DsRed1 or DsRed2. Following transient
transfection with pDsRed2-N1 or pDsRed1-N1 (10 µg
plasmid DNA/ 2 x 106 cells), we measured fluorescence
periodically by FACS analysis (FACS Caliber, 
BD Biosciences Immunocytometry Systems). The 
average red fluorescence measured in cells expressing
DsRed2 was approximately two-fold higher than cells
expressing DsRed1. Panel B. Comparison of the relative
quantities of HeLa cells expressing DsRed1 or DsRed2
at 24 and 72 hr after transfection. We plated HeLa cells
on coverslips, cultured them overnight, and transfected
them with 0.75 µg of pDsRed2-N1 or pDsRed1-N1 per
coverslip using a lipid-based transfection agent. After
24 hr and 72 hr, we fixed the cells and photographed
images under a 10X objective. A much higher number of
cells expressing DsRed2 were visible 24 hr after 
transfection. By 72 hr after transfection, the numbers of
red fluorescent cells were similar.

NEW!

Notice to Purchaser for DsRed Products
Not-For-Profit-Entities: Orders may be placed in the normal manner
by contacting your local representative or BD Biosciences Clontech
Customer Service at either 800-662-2566 (CLON) or 650-424-8222,
extension 1. No license agreement is necessary. 

For-Profit-Entities, Non-Commercial Use: Before placing an order
for one of our new DsRed vectors, a copy of the DsRed Royalty-Free
Research and Site License agreement must be obtained from either
our web site or by contacting your local representative. This 
document outlines the conditions under which DsRed vectors can
be used for non-commercial purposes. After you have reviewed the
conditions of the agreement and signed and returned the document
to BD Biosciences Clontech, you will be able to place an order for
any DsRed vector. No license fee will be required. 

For Commercial Use: Please contact the Product Manager for Cell
Biology at extension 7816 (at either 800-662-2566 or 650-424-8222). 

UK and Ireland Customers: Please contact your local 
BD Biosciences Clontech office at 01256 476500 (phone), 
01256 476499 (fax), or by email at literature@clontech.co.uk for a
copy of the UK licensing terms.

Notice to Purchaser for Living Colors™ Products
Use of BD Biosciences Clontech's Living Colors™ products contain-
ing DNA sequences coding for mutant Aequorea victoria green 
fluorescent protein (GFP) variants or proteins thereof requires a
license from Aurora Biosciences Corporation under U.S. Patent Nos.
5,625,048, 5,777,079, 6,054,321, and 5,804,387 and other pending U.S.
and foreign patent applications. In addition, certain BD Biosciences
Clontech products are made under U.S. Patent No. 5,804,387
licensed from Stanford University. Not-For-Profit research institutes
or entities are granted an automatic license with the purchase of
this product for use in non-commercial internal research purposes,
the terms of which are disclosed in detail in the license that 
accompanies the shipment of this product. Such license specifically
excludes the right to sell or otherwise transfer this product or its
components to third parties. For-Profit research institutes or entities
that wish to use this product in non-commercial or commercial
applications are required to obtain a license from Aurora
Biosciences Corporation. For license information contact: Court
Turner at 858-404-8416 or Fax 858-404-6743 or www.aurorabio.com.
Please contact BD Biosciences Clontech directly for any other
assistance, including purchasing and technical support. All 
companies and institutions purchasing Living Colors™ products will
be included in a quarterly report to Aurora Biosciences Corporation,
as required by the BD Biosciences Clontech/Aurora license 
agreement.
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Atlas™ Plastic Human 8K Microarray
Access more than 8,300 human genes on a single array
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• New surface design combines the
benefits of macro- & microarrays

• Includes calibration standards for
direct comparisons across lots 

• Atlas™ accuracy—all long oligos
are tested for specificity & minimal
cross-hybridization 

• Economical—reusable & no special
equipment required

Get expression data from all named human
genes on our revolutionary new plastic support
with the Atlas™ Plastic Human 8K
Microarray . Each spot on the plastic 
microarray consists of an experimentally tested
long oligonucleotide (~80 bases), which
ensure that you will generate the most sensitive
and accurate results possible (see facing page). 

Like glass, these plastic microarrays have the
benefit of low nonspecific background and
ease of handling. Like nylon, plastic can be
stripped and reprobed  and requires no special
equipment for imaging—just a standard 
phosphorimager. The plastic surface also
allows high-density printing as each spot is
extremely uniform and discrete. All these fac-
tors add up to easy, accurate analysis of
expression of more than 8,300 human genes. 

Calibrated for lot-to-lot comparisons
With Atlas Plastic, you can compare the results
of nucleic acid array hybridizations from 
different lots with statistical significance—a
feature unique to our plastic microarrays.
Because of small variations that are inherent in
any array manufacturing process, comparisons
across lots may not yield data suitable for pub-
lication. Now with the Atlas Plastic calibration
process, this is no longer a problem. Each lot
is individually tested and a lot-specific value is
assigned to each gene such that each lot is 
normalized to the first lot ever printed.

With each new lot of microarrays printed,  we
hybridize several microarrays (at least one
array sampled from the beginning, middle, and
end of the printing round) using an antisense
oligo calibration mixture corresponding to all
of the oligos on the array (Figure 1). The
hybridization intensity of each spot is 
determined and an average value (calibration
factor) is assigned to each gene. The resulting
values are listed on our Web site (atlas.
clontech.com). To compare hybridization
results for microarrays from different lots, 
simply import these values into AtlasImage™
2.01.  The AtlasImage 2.01 software will 
automatically perform the calculation to stan-
dardize the array signals. This standardization
protocol is ideal for database generation, as it
provides accurate expression data from
microarrays printed at different times. 

Figure 1. More than 99 percent of all genes printed on the Atlas™ Plastic Human 8K Microarray are capable of 
producing a strong, specific signal. The array was hybridized using a mixture of 8,327 33P-labeled antisense probes
corresponding to all printed genes.

Atlas Plastic Microarrays (# genes)
Size Cat. #

Human 8K (8,327) 2 Arrays 7905-1
Trial Kit (100) 2 Arrays K1845-1

Atlas Plastic Accessory 
Product Size Cat. #
Spotting Kit each K1846-1

Visit atlas.clontech.com for a complete gene
list.

Mouse and Rat Plastic Arrays are coming
soon!
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Atlas™ Ready-to-Print Long Oligos
Complete collection of Atlas™ genes —plus training—for printing your own arrays

Product To Print* Cat. #
Atlas Human Ready-to-Print Long Oligos

1,000 microarrays CS2006
2,500 microarrays CS2006-2

* Sufficient DNA quantities to print either 1,000 or 2,500 microarrays

Components for printing 1,000 microarrays
• Lyophilized oligos in 96-well plates

• 100 DNA-Ready™ Type II Slides

• 100 Hybridization Chambers

• 200 ml GlassHyb™ Solution

• Printing and hybridization training

Components for printing 2,500 microarrays
• Lyophilized oligos in 96-well plates

• 250 DNA-Ready™ Type II Slides

• 250 Hybridization Chambers

• 500 ml GlassHyb™ Solution

• Printing and hybridization training

Reference
1. Halgren, R., et al. (2001) Nucleic Acids Res.

29:582–588.

For a complete list of our gene collection,
visit atlas.clontech.com.

• Complete technology transfer

• 80-base-long oligos, the optimal
array target

• The only experimentally tested long
oligo set commercially available

Skip technological problems in array production
and labor-intensive cDNA target preparation
steps and go directly to spotting arrays you can
trust. Atlas™ Ready-to-Print Long Oligos
provide our complete tested collection of
named array targets for use in printing your
own arrays. With any long oligo order, you will
receive the entire collection of 8,327 named
human genes, excluding EST sequences, which
can often be redundant and uninformative. In
addition, we will provide complete microarray
printing and hybridization protocols, including
a training session at our BD Biosciences
Clontech laboratory. This tested long oligo set
is an ideal solution for avoiding the high error
rate in commercially available cDNA clone 
collections (1).

Long oligos with minimal homology
Each “long oligo” is an 80-base DNA fragment
that combines the high hybridization efficiency
of a cDNA fragment with a short oligo-
nucleotide’s ability to distinguish between
homologous genes. We use proprietary 
software to select a region from each gene that
has less than 70 percent homology to any entry
in GenBank. This “long oligo” technology 
permits the discrimination of even multigene
family members and alternative splice forms,
which is practically impossible using cDNA. 

Superior content—each oligo is 
experimentally tested 
We thoroughly test each oligonucleotide to
confirm its identity and its ability to produce a
strong hybridization signal. We do this 
confirmation by performing two antisense
hybridization experiments. First, we synthesize
the antisense strand corresponding to each
oligo from a particular section of the micro-
array. Next, these antisense oligos are labeled
and hybridized to the entire microarray. Oligos
that display weak hybridization signals 

(a signal intensity greater than 10-fold less than
the strongest signal) or that have visible levels
of hybridization to other fragments on the
microarray are redesigned. This test ensures
that each oligo is capable of producing a strong
and specific hybridization signal. Without this
test, greater than 25 percent of all arrayed 
oligos would be incapable of producing a
usable hybridization signal. 

NEW!

Figure 1. Atlas™ Glass Microarrays are designed for
maximum specificity. A Cy5-labeled probe was 
prepared from a mixture of 5’-aminomodified antisense
oligonucleotides corresponding to the genes that spell
“Atlas” in the above Atlas™ Glass Human 1.0
Microarray (#7900-1). The probe was prepared using the
Atlas Glass Fluorescent Labeling Kit (#K1037-1), omitting
the reverse transcription steps, and then hybridized to
an Atlas Glass Human 1.0 Microarray. Following
hybridization, the microarray was scanned and analyzed
using a GenePix-4000-1 scanner from Axon Instruments.
The image clearly shows that hybridization occurs
specifically to those spots corresponding to each 
antisense probe. Minimal cross-hybridization to 
nontarget spots is seen.
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High-Throughput Tissue Expression Profiling
Visualize gene expression across many tissues in parallel
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• Accurately profile gene expression
across many human tissues and cell
lines

• Choose from glass slide or nylon
formats

• Featuring our Poly A+ Premium
RNA™ for exceptional quality

Generate a snapshot of gene expression in
many tissues—a virtual “whole-body image”—
in one easy hybridization experiment with the
Human RNA Chip™ or the Multiple Tissue
Expression (MTE™) Array. With these
arrays, you can screen for the presence and
relative abundance of a gene transcript in a
broad spectrum of fetal and adult tissues.
These arrays also provide the quickest quanti-
tative, tissue-specific gene expression profiles,
thus allowing you to speculate about gene 
function. Each array arrives ready for use with
either radioactively or nonradioactively labeled
probes. 

The 124 human fetal and adult tissue-specific
Poly A+ Premium  RNA™ (including 20 RNAs
derived from different tumor cell lines) on the
glass RNA Chip represent an expansion of the
samples on the MTE Array. The selection of
RNA may change from lot to lot due to 
availability, but will always span 110–125 
samples. The glass slide format provides easy
high-throughput RNA analysis using standard
cDNA glass array scanners and software. This
means no new specialized equipment to 
purchase for a lab already using microarray
technology. With the glass RNA Chip, you can
simultaneously hybridize with a gene-specific
probe and a housekeeping control gene,
labeled with different colors. This technique
gives you the accuracy of directly comparing
the expression of two genes within the same 
tissue at the same time.

Normalized for accuracy
We ensure the most accurate expression profiles
possible by normalizing the RNA Chip and MTE
Array to not one, but many different house-
keeping genes. The strict normalization and
quantitation of RNAs on these arrays ensures
accurate conclusions about the presence and
relative abundance of a given mRNA (1, 2).
Figure 1 demonstrates the superior quality of
data provided by each MTE Array.

intact, full-length RNA, and we ensure that each
RNA sample is free of DNA contamination.

Detection options
The RNA Chip and MTE Array both offer 
multiple detection options. With two-color 
fluorescence detection of the RNA Chip, in one
step, you can see your control and gene-specific
probe on the same chip. There is no need to
strip an array and reprobe with a housekeeping
gene, as is required with radioactive labeling.

While fluorescent labeling has many advantages,
the RNA Chip also allows you to obtain the
highly sensitive measurement of low-
abundance genes that can only be achieved
with radioactivity (Figure 2; 3). Imaging for the
RNA Chip is straightforward—a standard 
phosphorimager for 33P, or a fluorescence
scanner for fluorescently labeled probes.

You can use our SpotLight™ Random Primer
Labeling Kit to label probes with biotin for
screening the MTE Array by chemiluminescent
detection. With SpotLight, probe labeling is as

Access hard-to-obtain poly A+ RNAs
The RNA Chip and the MTE Array provide easy
access to poly A+ RNAs from the widest range
of tissues and cancer cell lines available. You
would need special facilities and permits to
obtain all the poly A+ RNAs included on these
arrays. Furthermore, the time and cost
required to prepare poly A+ RNAs from all
these tissues would be prohibitive to most 
laboratories. Having so many samples on a 
single surface makes these arrays extremely
convenient and accessible tools for analyzing
gene expression. 

High-quality RNA
The “Premium” of Premium RNA refers to the
exceptional quality and reliability of the highly
purified total and poly A+ RNAs used in all
Premium RNA products. Each RNA sample 
is meticulously prepared using a modified
guanidinium thoicyanate method, and  then
enriched for mRNA transcripts with three
rounds of oligo(dT)-cellulose purification. We
perform rigorous quality control assays to 
confirm that each preparation consists of

Figure 1. MTE™ Arrays accurately reveal gene expression patterns. MTE arrays were hybridized with lactoferrin or
human ubiquitin cDNA probes overnight with randomly primed, radioactively labeled cDNA probes in ExpressHyb™
Hybridization Solution. Arrays were washed with 2X SSC, 1% SDS at 65°C, and 0.1X SSC, 0.5% SDS at 55°C, then were
exposed to x-ray film at –70°C overnight.

A B

RNA Chip MTE Array
# of RNA samples >110 ~75

Format Glass slide Nylon membrane

Detection method Fluorescence or radioactivity Radioactivity or 
(can simultaneously hybridize chemiluminescence
with two probes)

Image analysis Phosphorimager or Phosphorimager/autoradiography
glass array fluorescence scanner

Lactoferrin Ubiquitin

Table I: Features of the RNA Chip™ and MTE™ Array
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HeLa & MCF7 Apoptosis cDNA Panels
Sets of cDNA for studying apoptosis using quantitative PCR
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• Quickly reveal gene expression
during apoptosis 

• Span a range of apoptotic conditions

• Ready-for-PCR samples are made
with high-quality Premium RNA™ 

• Includes two popular research cell
lines

Our Apoptosis cDNA Panels provide a 
convenient way to quickly screen for gene
expression under different apoptotic 
conditions. These panels consist of cDNA 
samples synthesized from cells treated with 
various apoptosis-inducing agents (Table I).
These samples allow you to use RT-PCR and 
gene-specific primers to quickly give a 
snapshot of that gene’s expression during
apoptosis in different cell model systems. In
addition, the cDNA samples can provide 
confirmation of differential expression during
apoptosis found by array hybridization, such as
with the Atlas™ Apoptosis Array (#7743-1).

Like our MTC™ (Multiple Tissue cDNA) Panels,
these panels consist of sets of first-strand cDNA
carefully synthesized from total RNA. We extract
RNA for the HeLa and MCF7 Apoptosis cDNA
panels from cells exposed to various well-known
apoptosis-inducing agents, which span a range
of mechanisms. The HeLa panel contains first
strand cDNA from cells treated with either the
iron chelator desferrioxamine or tumor necrosis
factor-α (TNF-α). The MCF7 Panel includes
first strand cDNA from cells expressing wild-
type, dominant-negative, or p53 treated with or
without doxorubicin. Doxorubicin is a DNA-
damaging chemotherapeutic agent that induces
apoptosis through Myc.

The high sensitivity of RT-PCR lets you to detect
rare mRNA transcripts that might be missed by
Northern blotting or RNA dot blots, in only a
fraction of the time. Additionally, RT-PCR
allows you to determine the differences in gene
expression between experimental samples over
a broader range (1, 2). Because these panels
are prepared from our Premium RNA™, which
is virtually free of genomic DNA, the chance of
generating signals corresponding to introns or
other noncoding sequences is minimal. For
optimal PCR amplification, we recommend our 
TITANIUM™ Taq DNA Polymerase (#8434-1, -2).

comparing results obtained with and without
the p53 pathway, you can see if the gene of
interest is induced in a p53-dependent fashion. 

Once you have gene-specific primers, you are
ready to see if your target gene is up or down
regulated under any of the conditions we offer.
Figure 1 shows two experiments using the
HeLa panel. It is well known that NFκB is
induced when cells are treated with TNF-α ,
and that is supported by the panel—NFκB
expression is greater in the TNF-α samples.
The NFκB experiment also demonstrates that
sometimes levels of a gene increase when
exposed to apoptotic conditions, and then
decrease somewhat as gene expression slows
down the progression of  apoptosis. We saw
the increase in binding of NFκB to its DNA
binding element by gel shift analysis (data not
shown).

Unlike our MTC Panels, the Apoptosis cDNA
Panels are not normalized. Each set is a single
cell line with a specific treatments. Any 
differences seen are due to the treatment—the
total difference in time between samples is a
matter of hours. If the samples were 
normalized, the apparent effects of the treatment
would be diminished. You see no more than a
two-fold variation in the expression level of
G3PDH, a housekeeping gene (Figure 1A).

For successful PCR screening using the
Apoptosis cDNA Panels, you must have enough
sequence information to design appropriate
PCR primers, and the PCR conditions should
be optimized for each new set of primers.
Included with each panel are control DNA,
detailed sample source information, and a
User Manual. 

Quickly screen across a range of 
apoptotic conditions 
Having access to a single cell type undergoing
apoptosis via different pathways gives you the
ability to quickly screen for activation of a 
specific gene across a range of conditions that
would be difficult to duplicate in the laboratory.
If you were to repeat this experiment yourself,
you would have to grow the cells, induce 
apoptosis by various methods, wait up to 20
hours, harvest the cells, purify the RNA, and
then use RT-PCR to synthesize cDNA. The
Apoptosis cDNA Panels simplify your work—
all you need are gene-specific primers.

For focusing on p53-regulated apoptosis, we
offer the MCF7 panel, which contains unmodi-
fied MCF7 cells and MCF7 cells expressing
dominant-negative p53. The dominant-negative
mutant contains MDD2, a plasmid that
expresses a fragment of the p53 protein, and
that functionally inactivates p53 (3, 4). By

HeLa—for general apoptosis studies
• Control (untreated)
• 0.05 ng/ml TNF-α for 2 hr
• 0.05 ng/ml TNF-α for 5 hr
• 250 µM desferrioxamine for 6 hr
• 250 µM desferrioxamine for 20 hr 

MCF7—to look at p53-related pathways
• Wild-type control (untreated)
• Wild type, 400 ng/ml doxorubicin  for 7 hr
• Wild type, 400 ng/ml doxorubicin 14 hr
• p53 dominant-negative vector control
• p53 dominant-negative vector, 400 ng/ml 

doxorubicin treatment for 7 hr
• p53 dominant-negative vector, 400 ng/ml 

doxorubicin treatment for 14 hr

Table I: Cell types and conditions for the Apoptosis cDNA Panels 

Figure 1. Confirmation of up- or down-regulated genes
under different apoptotic conditions using the HeLa
panel. Panel A. G3PDH, a housekeeping gene. Panel B.
For the p21 gene, significant up regulation was seen
with 20-hr desferrioxamine treatment (lane 5), the 
harshest of the conditions on the panels. Lane 1: control.
Lane 2: TNF-α for 2 hr. Lane 3: TNF-α for 5 hr. Lane 4:
desferrioxamine for 6 hr. Lane 5: desferrioxamine for 20 hr.

A

B

1 2 3 4 5

1 2 3 4 5

G3PDH

p21
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HeLa & MCF7 Apoptosis cDNA Panels...continued

Product Size Cat. #
HeLa Apoptosis cDNA Panel 

10 rxns K1440-1
MCF7 Apoptosis cDNA Panel

10 rxns K1441-1
Human MTC Panel I 

10 rxns K1420-1
Human MTC Panel II

10 rxns K1421-1
Human Blood Fractions MTC Panel

10 rxns K1428-1
Human Cardiovascular System MTC Panel 

10 rxns K1427-1
Human Cell Line MTC Panel

10 rxns K1431-1
Human Digestive System MTC Panel

10 rxns K1424-1
Human Fetal MTC Panel 

10 rxns K1425-1
Human Immune System MTC Panel

10 rxns K1426-1
Human Tumor MTC Panel

10 rxns K1422-1
Mouse MTC Panel I 

10 rxns K1423-1
Mouse MTC Panel II 

10 rxns K1430-1
Rat MTC Panel I 10 rxns K1429-1

New Products Coming Soon!

Our Creator™ pDNR-Dual Vector is a new
generation of Creator Donor Vectors. Genes
cloned into pDNR-Dual can be transferred into
any expression vector in only 15 minutes by
Cre-loxP recombination. With the pDNR-Dual
vector, you can generate N- or C-terminal
tagged proteins in both prokaryote and
eukaryote expression systems.

The Adeno-X™ Tet-On™ Gene
Expression System combines the best of
our two powerful gene expression systems—
Tet-On™ for precise, tetracycline-regulated
protein expression and Adeno-X™ for high
level transient protein expression—into one
system. With this system you can deliver
inducible protein expression with nearly 100
percent efficiency to a variety of dividing and
nondividing mammalian cells. 

The Atlas™ Glass Mouse 3.8 and Atlas™
Plastic Mouse 5K Microarrays, combine
state-of-the-art Atlas™ technology with the
convenience of the glass and plastic format.
These microarrays contain 3,800 and 5,000
genes, respectively, that are carefully selected
and well characterized to provide high-quality,
reliable expression data from a variety of 
biological pathways. These microarrays give
you easy access to a wide range of mouse
genes, facilitating screening of samples from
transgenic mice and other mouse models 
of disease. 

Look for these new products from BD Biosciences Clontech

For information on these products visit www.clontech.com/whatsnew/

Apoptotic Induction

Apoptotic CellNormal Cell

LM-PCR Ladder
Assay Kit
DNA Fragmentation
Assay Kit

Caspase Assay Kits

Mitochondrial
Membrane Sensor Kit
Cell Fractionation Kit

Annexin V Kits

Inactive
Procaspase

Active
Caspase

Glutathione
Detection Kit

Cytoplasm

Cell surface

Cytoplasm

Cell surface

PS PS

PS

Other Apoptosis Products
BD Biosciences Clontech’s ApoAlert™ Apoptosis products offer a broad range of 
techniques for detecting all stages in the apoptotic cascade.

Visit apoalert.clontech.com for information on all of our apoptosis products

NEW!

NEW!

See page 15 for Notice to Purchaser.
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Protein Interactions
Protein-Protein
• MATCHMAKER 
   Two-Hybrid System 
• MATCHMAKER 
   Pretransformed Libraries 
• MATCHMAKER Library 
   Construction & Screening Kit 
• pBridge Vector 
• MATCHMAKER BioSensor Kit 
• Mammalian MATCHMAKER
   Two-Hybrid Assay Kit 

Confirmation
• MATCHMAKER Co-IP Kit 
• Epitope-Tagged Mammalian 
   Expression Vector Set 
• Living Colors™ 
   Fluorescent Proteins 

Protein-DNA 
• Mercury™ TransFactor Kits 
• MATCHMAKER One-Hybrid 
   System

Mutagenesis
• Diversify™ Random 
   Mutagenesis Kit 
• Transformer™ Site-Directed 
   Mutagenesis Kit 

Protein Localization 
• Living Colors™ Fluorescent 
   Proteins 
• Protein Medleys™

Protein Production
• HAT™ Protein Expression & 
   Purification System 
• PROTet™ 6xHN Bacterial 
  Expression System 
• Creator™-Compatible PROTet™ 
   6xHN Bacterial Expression System

His-tagged Protein 
Purification
• TALON™ Metal Affinity Resin 
• TALON™ Purification Kit 
• TALON™ CellThru 
• TALONspin™ Columns
• TALON™ Superflow Resin

PROTEOMICS

Products for Proteomics 
The next step to understanding genetics
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As the genomic era draws to a close with 
completion of the major sequencing projects,
attention is turning towards understanding the
complete complement of proteins and the 
specific phenotypes they produce. Many have
already ventured into this new realm of 
proteomics and discovered that mapping an
organism’s proteome is proving to be much
more complicated than sequencing its genome. 

While two-dimensional polyacrylamide gel
electrophoresis initially gives a global profile of
protein expression within individual cells, 
subsequent experiments must still be completed
to determine specific activities, cellular 
localizations, interactions with other proteins,
and ultimately the functions of individual 
proteins in each cell type (1).

With our ongoing commitment to accelerate
discovery, we provide the most innovative
products for the exciting new era of 
proteomics (Figure 1). In the next few pages,
we give general overviews of our products that
will assist you in isolating and identifying 
interacting proteins, and producing and 
purifying proteins. With our products, you can
take the next step to understanding your genes
of interest.

Figure 1. BD Biosciences Clontech products combine to form an integrated system for protein analysis.
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Protein-Protein Interactions
Proteins rarely act alone to initiate, maintain,
or terminate cellular processes. Understanding
how proteins interact is essential to elucidating
their functions. A variety of methods to study
protein interactions exist, including two-hybrid
systems, fluorescence resonance energy transfer
(FRET), and coimmunoprecipitation. The two-
hybrid system lets you identify unknown or
novel interactions, specific interacting domains
or amino acid residues, and protein targets for
drugs. The three-hybrid system extends 
the study of protein interactions further by
simultaneous analysis of three proteins. FRET
and coimmunoprecipitation provide additional
confirmation of protein interactions.

Two-Hybrid Studies
• MATCHMAKER Two-Hybrid System 3 is 

the most advanced two-hybrid system 
featuring a new yeast strain, AH109, which 
virtually eliminates false positives, unique 
epitope tags, integrated T7 promoters, and 
different bacterial selection markers.

• The MATCHMAKER Pretransformed 
Libraries are high-complexity, GAL4-based 
libraries pretransformed in yeast and ready 
for screening.

• The  MATCHMAKER Library 
Construction and Screening Kit lets you 
construct and screen a two hybrid library in 
less than 10 days.

• pBridge Vector can be used to create a 
three-hybrid system to screen for inter-
actions involving three proteins.

• The MATCHMAKER BioSensor Kit* lets 
you rapidly confirm protein-protein inter-
actions identified by yeast two-hybrid 
screenings and identify potential drug 
candidates using a high-throughput format.

• The Mammalian MATCHMAKER Two-
Hybrid Assay Kit uses a standard CAT assay 
to confirm protein-protein interactions in 
mammalian cells.

FRET
• Living Colors™ Fluorescent Proteins let 

you use FRET for high-throughput screen-
ing to detect protein-protein interactions. 

Products for Proteomics...continued
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Study protein interactions

P R O D U C T  O V E R V I E W

• Mercury™ TransFactor Kits are a high-
throughput alternative to gel shift assays 
that let you study the activation of different 
transcription factors using lysates or nuclear 
extracts from mammalian cells. 

• The MATCHMAKER One-Hybrid System
is an in vivo genetic assay used for isolating 
novel genes encoding proteins that bind to a 
target cis-acting regulatory element. 

Mutagenesis
By mutating specific regions of one protein, the
interacting domains of two proteins can be
identified. Both site-directed and random
mutagenesis offer ways to identify domains
responsible for protein-protein interactions.  

• The Diversify™ Random Mutagenesis 
Kit creates broadly distributed mutations in 
sequences up to and greater than 4.0 kb by 
employing PCR to insert 2–8 mutations per 
1,000 bp in a highly controlled manner.

• The Transformer™ Site-Directed 
Mutagenesis Kit lets you perform in vitro
site-directed mutagenesis to insert base 
changes, deletions, or insertions into your 
double-stranded plasmid. 

Coimmunoprecipitation
• The MATCHMAKER Co-IP Kit provides a 

quick method to confirm two hybrid protein 
interactions via coimmunoprecipitation with 
highly specific antibody tags for both the bait 
and novel proteins.

• The Epitope-Tagged Mammalian 
Expression Vector Set provides a system 
to express and coimmunoprecipitate 
interacting proteins in mammalian cells.

Protein-DNA Interactions
Transcription factor activation is necessary for
gene expression. Understanding the interac-
tions between specific transcription factors and
the genes they activate is crucial for elucidating
signal transduction pathways and identifying
drugs that interfere with those pathways. One-
hybrid studies identify DNA-binding proteins,
which interact with cis-acting regulatory 
elements. Use of a high-throughput method can
greatly accelerate discovery of novel activators
of transcription, and can provide a rapid
assessment of cellular response to specific
drugs.

Library screening

Verification of
true positives

α-gal or
β-gal assay

Ade+, His+

Colonies

in vitro
coimmuno-

precipitation

drug
interaction

studies

in vivo
functional

studies

Figure 1. Pathway to determine the interactions of your protein.
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Products for Proteomics...continued

Isolate, localize, and purify your proteins
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Protein Localization 
Another factor essential to understanding 
protein function is determining its localization
within cells and tissues. The construction of a
fusion protein containing a protein of interest
with a fluorescent tag provides a method to
determine cellular localization without adding
any cofactors or fixing cells. At the tissue level,
Western blot analysis of total protein extracts
demonstrates the distribution of a specific 
protein across a variety of tissues.

Cellular localization
• Living Colors™ Fluorescent Proteins 

(N1 & C1 Vectors) are vector constructs 
that contain the coding sequence for our 
red, green, yellow, or cyan fluorescent 
proteins to generate fusion proteins with 
your protein of interest. Expression of this 
fusion then allows you to determine the 
localization of your protein within the cells.

Tissue localization
• Protein Medleys™ are high-quality total 

protein extracts from a wide variety 
of human tissues that are ready for 
electrophoresis. 

Protein Production
Having sufficient amounts of recombinant pro-
teins is essential for antibody production,
Western blot analysis, and testing biological
functions. Large quantities of recombinant 
proteins are commonly achieved by over-
expression in E. coli. Epitope tags added to
proteins of interest facilitate rapid and efficient
purification from bacterial lysates. Expression
systems vary depending on need: large quanti-
ties for antibody production, or inducible and
controlled for reduced cellular toxicity. 
• The HAT™ Protein Expression & 

Purification System is a convenient and 
efficient way to express and purify proteins 
using a naturally occurring histidine affinity 
tag (HAT) and TALON™ resin. A HAT™ 
Polyclonal Antibody is also available to 
detect and quantify HAT-tagged proteins.

• The PROTet™ 6xHN Bacterial 
Expression System is a highly inducible 
bacterial expression system containing a 
vector with an epitope tag similar to the 6xHis 
tag, which has a higher affinity to immobilized 
metal affinity chromatography resins and 
results in higher purification yields.

• The Creator™-Compatible PROTet™ 
6xHN Bacterial Expression System is a 
similar system modified specifically for use 
with the Creator™ DNA Cloning Kits, which 
efficiently transfer your gene of interest in 
frame into expression vectors using a simple 
15-minute reaction. 

His-tagged Protein Purification
Purifying high yields of recombinant proteins
is necessary to generate antibodies or to study
protein function. One of the most widely used
epitope tags for purification of proteins is the
His-tag. TALON resins can purify His-tagged
proteins under native or denaturing conditions
in a variety of formats.
• TALON™ Metal Affinity Resin can be 

used to load columns for small-, medium-, 
or large-scale purification in batch or low-
pressure chromatography applications.

12

P R O D U C T  O V E R V I E W

Table I: TALONTM Formats

TALONTM

Superflow TALONTM TALONspinTM

Features TALONTM Resin Resin CellThru Columns

Batch/gravity flow Yes Yes Yes No
Applications

FPLC Applications No Yes Yes No

Scale Analytical Analytical Preparative Analytical
Preparative Preparative Production
Production

Capacity 5–10 5–14 5–10 2–4
(mg protein/ml 
adsorbent)

Matrix Sepharose 6B-CL Superflow Uniflow Silica
(6% cross-linked (6% cross- (4% cross-
agarose) linked agarose) linked agarose)

Bead size (µm) 45–165 60–160 300–500 16–24

Maximum linear 75–150 3,000 800 n/a
flow rate (cm/hr)

Maximum volumetric 0.5–1.0 50 13 n/a
flow rate (ml/min)

Recommended volumetric 0.5 1.0–5.0 1.0–5.0 0.3
flow rate* (ml/min)

Maximum pressure 2.8 psi 140 psi 9 psi n/a
0.2 bar 10 bar 0.62 bar
0.02 Mpa 0.97 Mpa 0.02 Mpa

pH stability 2–14 (2 hr) 2–14 (2 hr) 2–14 (2 hr) 2–8.5 (2 hr)
3–14 (24 hr) 3–14 (24 hr) 3–14 (24 hr) 2–7.5 (24 hr)

Protein exclusion limit 4 x 107 4 x 106 2 x 107 n/a
(Da)

• The TALON™ Purification Kit is a 
kit containing TALON Resin, columns, and 
all the extraction, washing, and eluting 
buffers necessary to purify His-tagged 
proteins.

• TALON™ CellThru is specially designed 
resin to purify His-tagged proteins directly 
from crude cell lysates, sonicates, and 
fermentation harvests.

• TALONspin™ Columns are ready-made 
columns for purifying different His-tagged 
proteins in parallel in 30 minutes.

• TALON™ Superflow Resin is specially 
designed for purifying proteins in medium-
pressure (up to 150 psi) FPLC systems at 
high flow rates.

• TALON™ Columns & Buffer Kit are 
available separately to supplement your 
purification needs.

TALONTALON
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Protein Medleys Size Cat. #
Adrenal Gland 100 µl 7818-1
Aorta 100 µl 7809-1
Bladder 100 µl 8260-1
Brain 100 µl 7800-1
Brain, amygdala 100 µl 7821-1
Brain, cerebellum 100 µl 8251-1
Brain, cerebral cortex

100 µl 7827-1
Brain, frontal lobe 100 µl 7822-1
Brain, hippocampus

100 µl 7823-1
Brain, hypothalamus

100 µl 7824-1
Brain, temporal lobe

100 µl 7825-1
Brain, thalamus 100 µl 7826-1
Brainstem 100 µl 8250-1
Cecum 100 µl 8259-
Duodenum 100 µl 8255-1
Esophagus 100 µl 8254-1
Fetal Brain 100 µl 8265-1
Fetal Kidney 100 µl 8266-1
Fetal Liver 100 µl 8267-1
Fetal Lung 100 µl 8268-1
Heart 100 µl 7801-1
Ileum 100 µl 8257-1
Jejunum 100 µl 8256-1
Kidney 100 µl 7802-1
Liver 100 µl 7805-1
Lung 100 µl 7803-1
Lymph Node 100 µl 7819-1
Mammary Gland 100 µl 8269-1
Ovary 100 µl 7807-1
Placenta 100 µl 7806-1
Prostate 100 µl 8261-1
Skeletal Muscle 100 µl 7804-1
Small Intestine 100 µl 7812-1
Smooth Muscle 100 µl 8258-1
Spinal Cord 100 µl 7828-1
Spleen 100 µl 7813-1
Stomach 100 µl 7814-1
Testis 100 µl 7808-1
Thyroid 100 µl 7817-1
Tongue 100 µl 8253-1
Trachea 100 µl 8252-1
Uterus (no endometrium)

100 µl 8263-1
Uterus 100 µl 8262-1
Vagina 100 µl 8264-1
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Proteomics Ordering Information 
Living Colors 
Vectors Size Cat. #
pd1EGFP-N1 Vector

20 µg 6073-1
pd2ECFP-N1 Vector

20 µg 6911-1
pd2EGFP-N1 Vector

20 µg 6009-1
pd2EYFP-N1 Vector

20 µg 6913-1
pd4EGFP-N1 Vector

20 µg 6072-1
pDsRed2-C1 Vector

20 µg 6974-1

pDsRed2-N1 Vector
20 µg 6973-1

pECFP-C1 Vector 20 µg 6076-1
pECFP-N1 Vector 20 µg 6900-1
pEGFP-C Vector Set

each K6000-1
pEGFP-C1 Vector 20 µg 6084-1
pEGFP-C2 Vector 20 µg 6083-1
pEGFP-C3 Vector 20 µg 6082-1
pEGFP-N Vector Set

each K6001-1
pEGFP-N1 Vector 20 µg 6085-1
pEGFP-N2 Vector 20 µg 6081-1
pEGFP-N3 Vector 20 µg 6080-1
pEYFP-C1 Vector 20 µg 6005-1
pEYFP-N1 Vector 20 µg 6006-1
pLEGFP-C1 Retroviral Vector

20 µg 6058-1
pLEGFP-N1 Retroviral Vector

20 µg 6059-1
pLP-ECFP-C1 Acceptor Vector

20 µg 6343-1
pLP-EGFP-C1 Acceptor Vector

20 µg 6342-1
pLP-EYFP-C1 Acceptor Vector

20 µg 6341-1

MATCHMAKER 
Products Size Cat. #
Mammalian MATCHMAKER Two-Hybrid Assay Kit

each K1602-1
MATCHMAKER BioSensor Kit

5 plates K1616-1
MATCHMAKER Library Construction & 
Screening Kit 5 rxns K1615-1
MATCHMAKER One-Hybrid System

each K1603-1
MATCHMAKER Two-Hybrid System 3

each K1612-1
pCMV-Myc & pCMV-HA Vector Set

each K6003-1
pGADT7 AD Vector 20 µg K1612-A
pGBKT7 DNA-BD Vector

20 µg K1612-B
pLP-GADT7 AD Acceptor Vector

20 µg 6349-1
pLP-GBKT7 DNA-BD Acceptor Vector

20 µg 6350-1

Protein Production 
Products Size Cat. #
6xHis Monoclonal Antibody (Albumin Free)

200 µg 8916-1
6xHN Polyclonal Antibody

200 µl 8940-1
Creator-Compatible PROTet 6xHN Bacterial
Expression System

each K1676-1
HAT Polyclonal Antibody

100 µl 8909-1
pHAT20 Vector 20 µg 8921-1
pLP-PROTet-6xHN Acceptor Vector

20 µg 6352-1
PROTet 6xHN Bacterial Expression System

each K1628-1

Protein Purification 
Products Size Cat. #
TALON Metal Affinity Resin

10 ml 8901-1
6xHis mAb-HRP Conjugate

100 µl 8906-1
CellThru 10-ml Disposable Columns

20 cols. 8915-1
CellThru 2-ml Disposable Columns

50 cols. 8914-1
TALON 2 ml Disposable Gravity Column

50 cols. 8903-1
TALON Buffer Kit each K1252-1
TALON CellThru 10 ml 8910-1
TALON CellThru 100 ml 8910-2
TALON Metal Affinity Resin

25 ml 8901-2
TALON Metal Affinity Resin

100 ml 8901-3
TALON Metal Affinity Resin

250 ml 8901-4
TALON Purification Kit

each K1253-1
TALON Superflow Metal Affinity Resin

25 ml 8908-1
TALON Superflow Metal Affinity Resin

100 ml 8908-2
TALONspin Columns

10 cols. 8902-1
TALONspin Columns

25 cols. 8902-2
TALONspin Columns

50 cols. 8902-3
TALONspin Columns

100 cols. 8902-4

Mercury 
TransFactor Kits Size Cat. #
Mercury TransFactor c-Jun Kit 

96 rxns K2061-1
Mercury TransFactor NFATc1 Kit

96 rxns K2060-1
Mercury TransFactor NFκB p50 Kit

96 rxns K2058-1
Mercury TransFactor Profiling Kit -Inflammation 1

96 rxns K2062-1
Mercury TransFactor STAT1 Kit

96 rxns K2059-1

Reference
1. Fields, S. (2001) Science 291:1221.

Notice to Purchaser
* The MATCHMAKER BioSensor Kit is covered under U.S. Patent 

#5,567,598 and patents pending.

See page 24 for additional notices to purchaser for our 
MATCHMAKER products.
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Marathon-Ready™ cDNA
cDNA from a variety of human, mouse, and rat tissues for quick, PCR-based cloning

TEL: 800-662-2566 (CLON) • 650-424-8222 • www.clontech.com CLONTECHniques • July 2001
E-MAIL: products@clontech.com • orders@clontech.com14

P R O D U C T  O V E R V I E W

• Obtain full-length cDNAs in as little
as one day without library screening

• Amplify even very large cDNAs

• Adaptor-ligated and ready for RACE
PCR

• Wide selection—normal and tumor
tissues

BD Biosciences Clontech now offers more than
85 Marathon-Ready™ cDNAs from a wide
variety of human, rat, and mouse tissues, 
allowing you to clone your gene of interest in
one day. Each tube of Marathon-Ready cDNA is
a premade, tissue-specific collection of double-
stranded (ds) cDNA from which many different
genes can be amplified using unique sets of
gene-specific primers (Figure 1). 

A unified method for 5′- and 3′-RACE
All you need to get started is enough sequence
information to design gene-specific primers
that are 23–28 bp long. Marathon cDNA ampli-
fication uses the same template for both 5′- and
3′-RACE (Rapid Amplification of cDNA Ends,
Figure 2, Lanes 1 & 2). This is made possible
by the Marathon Adaptor, which is ligated to
both ends of the ds cDNA to create the
Marathon-Ready cDNA. After cloning and char-
acterizing the 5′- and 3′-RACE products, you
can amplify the full-length cDNA directly from
the Marathon-Ready template (Figure 2, Lanes
3–5). Alternatively, you can join the 5′- and 3′-
RACE products by conventional recombinant
DNA techniques to obtain the full-length cDNA.

Many different applications
Marathon cDNA amplification is ideal for
quickly isolating full-length cDNAs from
expressed sequence tags (ESTs) or from RNA
identified with tools such as the Clontech PCR-
Select™ cDNA Subtraction Kit (#K1804-1) or
the Delta™ Differential Display Kit 
(#K1810-1). Marathon-Ready cDNAs also 
provide an easy way of obtaining full-length
copies of published cDNA sequences. Simply
design gene-specific primers for the 5′ and 3′
ends of the cDNA and amplify it from an appro-
priate Marathon-Ready cDNA. Once you make
the primers, you can generate your cDNA with-
in a day and be ready to move onto your next
experiment. Marathon-Ready cDNAs can also
be used to study the tissue specificity of gene
expression via PCR, or to identify and clone

members of multigene families or polymorphic
cDNAs.

Marathon-Ready™ cDNAs save time
and ensure quality 
Premade, pretested Marathon-Ready cDNAs
save you time, while ensuring the success of
three critical aspects of cDNA amplification—
purification of high-quality poly A+ RNA, syn-
thesis of full-length cDNA, and efficient,
complete adaptor ligation. Once you have made
your adaptor-ligated ds cDNA, you can amplify
many genes using different sets of gene-specific
primers with our Advantage™ 2 Polymerase
Mix (#8430-1, -2).

BD Biosciences Clontech offers a wide variety
of source tissues for all of your cDNA needs.
Marathon-Ready cDNAs are available for adult
and fetal human tissues, adult and embryonic
mouse tissues, and adult rat tissues. We also
have Marathon-Ready cDNAs generated from
xenografted human tumors propagated in nude
mice. If a Marathon-Ready cDNA is not avail-
able for the particular organism, tissue, or cell
type that you need, you can generate your own
with the Marathon™ cDNA Amplification Kit
(#K1802-1).

3'-RACE 
fragment

5'-RACE 
fragment

3'-RACE 5'-RACE

Full-length 
cDNA

• Clone, characterize, and 
   sequence 5'- and 3'-
   RACE products.
• Generate full-length cDNA.

Marathon-
Ready
 cDNA

Marathon-Ready™ cDNA
Premade collection of adaptor-ligated 
ds cDNA from various human, mouse, 
and rat tissues.

M 1 2 3 4 5 M

– 12
– 5.0

12 –

4.0 –
3.0 –

2.0 –

1.6 –

1.0 –

5' 3' full-length

kb kb

Figure 1. Use Marathon-Ready™ cDNA to generate 
full-length cDNA.

Figure 2. Results of 5′- and 3′-RACE and full-length
cDNA amplification from Human Placenta Marathon-
Ready™ cDNA (#7411-1). All reactions were performed
with Advantage cDNA Polymerase Mix (#8417-1).
Marathon RACE reactions were performed with one
gene-specific primer and the AP1 primer, which anneals
to the Marathon Adaptor. Full-length products were
amplified using gene-specific primers for the 5′ and 3′
ends; these primers were based on the sequence of the
cloned RACE products. Lanes 1–3: 5′-RACE, 3′-RACE,
and full-length amplification of the human transferrin
receptor (TFR) cDNA (5.0 kb). Lane 4: nearly full-length
amplification of the insulin-like growth factor receptor
type 2 (ILGFR2) cDNA (8.6 kb). Lane 5: full-length amplifi-
cation of the ILGFR1 cDNA (5.0 kb). M: 1-kb DNA ladder. 
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Rat Marathon-Ready cDNA
Size Cat. #

Fetal Liver 30 rxns 7477-1
Fetal Spleen 30 rxns 7478-1
Brown Fat 30rxns 7482-1
Heart 30 rxns 7474-1
Kidney 30 rxns 7472-1
Liver 30 rxns 7471-1
Skeletal Muscle 30 rxns 7476-1
Spleen 30 rxns 7473-1
Testis 30 rxns 7475-1

Reference
1. Marathon-Ready cDNAs (July, 1995)

CLONTECHniques X(3):9–11.

Related Products
• Marathon™ cDNA Amplification Kit (#K1802-1)
• SMART™ RACE cDNA Amplification Kit 

(#K1811-1)
• Advantage™ 2 Polymerase Mix (#8430-1)
• Powerscript™ Reverse Transcriptase (#8460-1)

Marathon-Ready™ Ordering Information
Human Marathon-Ready cDNA

Size Cat. #
Adipocyte 30 rxns 7447-1
Adipocyte (pooled)

30 rxns 7491-1
Adrenal Gland 30 rxns 7430-1
Aorta 30 rxns 7425-1
Bladder 30 rxns 7448-1
Bone Marrow 30 rxns 7416-1
Brain, cerebellum 30 rxns 7401-1
Brain, cerebral cortex

30 rxns 7420-1
Brain, hippocampus

30 rxns 7419-1
Brain, hypothalamus

30 rxns 7429-1
Brain, whole 30 rxns 7400-1
Colon 30 rxns 7431-1
Colorectal Adenocarcinoma

30 rxns 7442-1
Heart 30 rxns 7404-1
HeLa 30 rxns 7439-1
Kidney 30 rxns 7405-1
Leukemia, chronic myelogenous

30 rxns 7441-1
Leukemia, lymphoblastic

30 rxns 7444-1
Leukemia, promyelocytic

30 rxns 7443-1
Leukocyte 30 rxns 7406-1
Liver 30 rxns 7407-1
Lung 30 rxns 7408-1
Lung Carcinoma 30 rxns 7445-1
Lymph Node 30 rxns 7432-1
Lymphoma, Burkitt’s (Raji)

30 rxns 7446-1
Mammary Gland 30 rxns 7409-1
Melanoma 30 rxns 7440-1
Ovary 30 rxns 7417-1
Pancreas 30 rxns 7410-1
Pituitary Gland 30 rxns 7424-1
Placenta 30 rxns 7411-1
Prostate 30 rxns 7418-1
Retina 30 rxns 7449-1
Skeletal Muscle 30 rxns 7413-1
Small Intestine 30 rxns 7426-1
Spleen 30 rxns 7412-1
Stomach 30 rxns 7427-1
Subcutaneous Fat 30 rxns 7492-1
Testis 30 rxns 7414-1
Thymus 30 rxns 7415-1
Thyroid Gland 30 rxns 7490-1
Uterus 30 rxns 7428-1

Human Fetal Marathon-Ready cDNA
Size Cat. #

Adrenal Gland 30 rxns 7436-1
Brain 30 rxns 7402-1

Human Fetal Marathon-Ready cDNA
Size Cat. #

Fetus 30 rxns 7438-1
Kidney 30 rxns 7423-1
Liver 30 rxns 7403-1
Lung 30 rxns 7433-1
Skeletal Muscle 30 rxns 7435-1
Small Intestine 30 rxns 7437-1
Spleen 30 rxns 7422-1
Stomach 30 rxns 7434-1
Thymus 30 rxns 7421-1

Human XG Marathon-Ready cDNA
Size Cat. #

Burkitt’s Lymphoma (Daudi)
30 rxns 7504-1

Colon Adenocarcinoma (CX-1)
30 rxns 7496-1

Colon Adenocarcinoma (GI-112)
30 rxns 7499-1

Glioblastoma (SF-295)
30 rxns 7507-1

Lung Carcinoma (GI-117)
30 rxns 7497-1

Lung Carcinoma (LX-1) Marathon-Ready cDNA
30 rxns 7495-1

Malignant Melanoma (A375)
30 rxns 7508-1

Malignant Melanoma (GI-105)
30 rxns 7505-1

Mammary Carcinoma (GI-101)
30 rxns 7493-1

Ovarian Carcinoma (GI-102)
30 rxns 7503-1

Pancreatic Adenocarcinoma (GI-103)
30 rxns 7494-1

Prostatic Adenocarcinoma (MRI-H-1579)
30 rxns 7509-1

Prostatic Adenocarcinoma (PC-3)
30 rxns 7498-1

Renal Carcinoma (MRI-H-121)
30 rxns 7506-1

Mouse Marathon-Ready cDNA
Size Cat. #

Brain 30 rxns 7450-1
Heart 30 rxns 7454-1
Kidney 30 rxns 7452-1
Liver 30 rxns 7451-1
Lung 30 rxns 7462-1
Skeletal Muscle 30 rxns 7456-1
Spleen 30 rxns 7453-1
Testis 30 rxns 7455-1
7-day Embryo 30 rxns 7457-1
11-day Embryo 30 rxns 7458-1
15-day Embryo 30 rxns 7459-1
17-day Embryo 30 rxns 7460-1

Rat Marathon-Ready cDNA
Size Cat. #

Adipocyte 30 rxns 7481-1
Brain 30 rxns 7470-1
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Make Any cDNA 
You Need.

If we do not carry the Marathon-Ready
cDNA you need, you can make the cDNA
with our Marathon™ cDNA Amplification
Kit (#K1802-1) and our Premium Poly A+

RNA using long distance PCR and RACE.

Notice to Purchaser
These products are optimized for use in the Polymerase Chain
Reaction (“PCR”) covered by patents owned by Hoffmann-La Roche,
Inc. and F. Hoffmann-La Roche Ltd. (“Roche”). No license under
these patents to use the PCR process is conveyed expressly or by
implication to the purchaser by the purchase of these products. A
license to use the PCR process for certain research and develop-
ment activities accompanies the  purchase of certain reagents from
licensed suppliers such as BD Biosciences Clontech. when used in
conjunction with an authorized thermal cycler, or is available from
the Perkin-Elmer Corporation. Further information on purchasing
licenses to practice the PCR process may be  obtained by contact-
ing the Director of Licensing at the Perkin-Elmer Corporation, 850
Lincoln Centre Drive, Foster City, CA 94403 or at Roche Molecular
Systems, Inc. 1145 Atlantic Avenue, Alameda, CA 94501.

Notice to Purchaser
These products are optimized for use in the Polymerase Chain
Reaction (“PCR”) covered by patents owned by Hoffmann-La Roche,
Inc. and F. Hoffmann-La Roche Ltd. (“Roche”). No license under
these patents to use the PCR process is conveyed expressly or by
implication to the purchaser by the purchase of these products. A
license to use the PCR process for certain research and develop-
ment activities accompanies the  purchase of certain reagents from
licensed suppliers such as BD Biosciences Clontech. when used in
conjunction with an authorized thermal cycler, or is available from
the Perkin-Elmer Corporation. Further information on purchasing
licenses to practice the PCR process may be  obtained by contact-
ing the Director of Licensing at the Perkin-Elmer Corporation, 850
Lincoln Centre Drive, Foster City, CA 94403 or at Roche Molecular
Systems, Inc. 1145 Atlantic Avenue, Alameda, CA 94501.
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NucleoSpin® Food Purification Kit
Purification of genomic DNA from all types of food products

• Quick—DNA ready to use in less
than two hours

• Efficient—typical yield 0.1–10 µg
DNA from 50–200 mg sample

• Purify even from complex food
samples with very low DNA content 

• Easy way to test for contamination or
GMOs, or for species identification

The NucleoSpin® Food Purification Kit lets
you quickly isolate genomic DNA from all types
of food samples of plant or animal origin. Food
samples are highly heterogeneous and contain
many different compounds like fats and 
polysaccharides, which can lead to difficulties
extracting or later processing of the DNA, but
the NucleoSpin Food protocol guarantees good
recovery rates for small genomic DNA 
fragments from food. We have optimized the
lysis buffer and purification process to extract
DNA from a variety of food products. The 
purified DNA is ready to use for all types of
subsequent detection methods, especially as a
template for PCR. Isolation of genomic DNA
from food products assists in detecting and
identifying contamination, genetically modified
organisms (GMOs), or individual plant or 
animal species identification.

The NucleoSpin Food Kit allows you to process
50–200 mg of homogenized material using a
microcentrifuge to speed the loading, washing,
and eluting steps. Due to the low DNA content
of processed food, we recommend using 
200 mg of starting material, which typically
yields 0.1–10 µg DNA. Our silica membrane

Product Size Cat. #
NucleoSpin Food 10 preps K3090-y

50 preps K3090-1
250 preps K3090-2

Components
• NucleoSpin® Food Columns

• Buffers CF, C2, C3, CQW, and C5

• Proteinase K

• 2-ml Collection Tubes

spin technology is optimized for high DNA
recoveries and low binding of impurities, so all
you get is pure, ready-to-use DNA from any type
of food.
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• Raw plant products like maize and soy (both powder and oil)
• Chocolate products
• Breakfast cereals, mueseli
• Jam and fruit concentrates
• Cookies, cakes, biscuits, and bread
• Ketchup and other sauces
• Spices
• Animal products, both raw and processed, such as sausage and meat pies
• Pharmaceuticals, such as vitamin pills and starches in tablets
• Cosmetics—the plant and animal ingredients in cream or powder form
• Bacteria—isolated from spoiled foods

Table I: Types of foods successfully analyzed using NucleoSpin® Food 
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Figure 2. Beef detection in meat products. DNA was
extracted from food samples using the NucleoSpin Food
standard protocol and 100 µl from each sample were
separately amplified by PCR using bovine-specific
primers and components from a commercial kit (Alcum,
Germany). Bovine DNA could be detected in several
products, even in strongly processed samples. While the
paté was reported to contain only duck meat, the gel
image clearly showed the presence of beef in it. No
bovine DNA was detected in either the sausage (without
beef) or turkey samples. Lane 1: bovine steak,
unprocessed. Lane 2: roast beef. Lane 3: sausage (with-
out beef). Lane 4: corned beef. Lane 5: beef salami. Lane
6: veal. Lane 7: turkey. Lane 8: paté (duck). Data kindly
provided by GEN-IAL, Germany.

1 2 3 4 5 6 7 8 M

M 1 2 3 4

Figure 1. NucleoSpin® Food purified DNA is ideally
suited for amplification. DNA from soya meal was puri-
fied and used for PCR amplification with lectin- (Lanes 1
& 2) and plant- (Lanes 3 & 4) specific primer-pairs.

Notice to Purchaser
These products are optimized for use in the Polymerase Chain
Reaction (“PCR”) covered by patents owned by Hoffmann-La Roche,
Inc. and F. Hoffmann-La Roche Ltd. (“Roche”). No license under
these patents to use the PCR process is conveyed expressly or by
implication to the purchaser by the purchase of these products. A
license to use the PCR process for certain research and develop-
ment activities accompanies the  purchase of certain reagents from
licensed suppliers such as BD Biosciences Clontech. when used in
conjunction with an authorized thermal cycler, or is available from
the Perkin-Elmer Corporation. Further information on purchasing
licenses to practice the PCR process may be  obtained by contact-
ing the Director of Licensing at the Perkin-Elmer Corporation, 850
Lincoln Centre Drive, Foster City, CA 94403 or at Roche Molecular
Systems, Inc. 1145 Atlantic Avenue, Alameda, CA 94501.

NEW!
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Lysis with buffer C0 Lysis with buffer C1
Algae Arabidopsis thaliana
Mosses Brassica napus (rape)
Ferns Helianthus spp. (sunflower)
Lycopoda Hordeum vulgare (barley)
Gymnosperms Nicotiana tabacum (tobacco)
Monocota Solanum tuberosum (potato)
Dicots Vicia narbonensis (narbonne 

vetch)
Zea mays (maize)
Poa spp. (grass)
Pisum arvense (pea)
Allium cepa (onion)
Allium sativum (garlic)
Cerasus avium (sweet 

cherry)
Saccharum officinarum

(sugar cane)

Table I: The plant species processed with
NucleoSpin® Plant Kit

NucleoSpin®  Plant Purification Kits
Purification of DNA from plants and fungi
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• Convenient—optimized lysis of plant
material 

• Flexible—choice of high-or low-
throughput formats

• Efficient—yields up to 50 µg DNA
from 150 mg of sample

NucleoSpin® Plant Kits are specifically
designed for the isolation of genomic DNA
from plant and fungi tissue. We offer both low-
and high-throughput formats. These spin
columns use silica membrane technology, in
which the binding process is reversible and
specific for nucleic acids, and contaminants
are easily washed away. You elute pure genom-
ic DNA under low ionic strength conditions in a
slightly alkaline elution buffer. The resulting
DNA can be used directly for PCR, Southern
blotting, and any kind of enzymatic reaction.

The NucleoSpin® Plant Kit offers processing
of up to 150 mg of starting material with yields
typically ranging from 10–50 µg of genomic
DNA. Plants are highly heterogeneous and 
contain many metabolites, such as poly-
phenolics and polysaccharides, that can 
complicate DNA purification. To optimize 
processing of different types of plants, we 
provide two lysis buffers with the Plant Kit.

The NucleoSpin® Multi-96 Plant Kit is
designed for the high-throughput isolation of
genomic DNA from plant tissue. The lysis buffer
is specialized for plants to ensure complete
lysis of plant cell wall. With samples in the
range of 20–100 mg, typical yields are in the
range of 5 µg–30 µg DNA. This high-throughput
kit allows safe, reliable DNA purification in a
fraction of the time and effort needed for 
low-throughput procedures. 

Product Size Cat #
NucleoSpin Multi-96 Plant

1 x 96 well plate K3086-y
4 x 96 well plates K3086-1

NucleoSpin Plant Kit (low throughput)
50 preps K3060-1
250 preps K3060-2

NucleoSpin RNA Plant * (low throughput)
20 preps K3091-1
50 preps K3091-2

* Available August, 2001

For additional information about NucleoSpin®

products, visit purification.clontech.com
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NucleoSpin® Multi-96 Plant plates are designed
for use with the NucleoSwing Benchtop
Centrifuge, or other centrifuge with deep 
buckets allowing processing of NucleoSpin
Multi-96 Plant plates stacked on 96-well
blocks. Up to 192 samples (two full plates) can
be processed in two to three hours. 

NucleoSpin® Samples
Available

• NucleoSpin® Plus Plasmid

• NucleoSpin® Extraction

• NucleoSpin® Blood 

• NucleoSpin® Tissue

• NucleoSpin® Plant

• NucleoSpin® Virus 

• NucleoBond® Plasmid Midi

• NucleoBond® Plasmid Maxi

• NucleoBond® Lambda

• NucleoBond® RNA/DNA Mini

• NucleoBond® Blood/Cell Mini

Please contact your territory manager for
a sample.

Figure 1. PCR analysis of transgenic Vicia narbonensis
purified with the NucleoSpin® Plant Kit.

1 2 3 4 5 M 6 7 8

NEW!
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• Isolate low abundance clones from
cDNA libraries in only 5–7 days

• Screen any plasmid or retroviral
library

• Reduce screening to one plate

Simplify the arduous library screening process
with the ClonCapture™ cDNA Selection
Kit . This kit eliminates the need for 
conventional, labor-intensive library screening
techniques that involve filter preparation and
hybridization from large numbers of master
plates, a process that can take weeks or
months. By efficiently and specifically enriching
for clones of interest, ClonCapture reduces
library screening to a single plate and you can
easily isolate target clones from cDNA libraries
in only a week.

With ClonCapture you use a small cDNA 
fragment as a probe to enrich for specific
cDNA clones, including low- and medium-
abundance clones. The ClonCapture procedure
can be used with any of our premade plasmid
libraries—including those constructed in
phagemid, retroviral, and expression 
vectors—or a library you construct using the
Creator™ SMART™ Library Construction Kit.
ClonCapture is ideal for isolating clones using
partial sequences obtained using the 
BD Clontech PCR-Select™ cDNA Subtraction
Kit (#K1804-1) or using differential display
such as our Delta™ Differential Display Kit
(#K1810-1). ClonCapture can also be used to
isolate differentially spliced products.  

cDNA clones in days
ClonCapture facilitates the rapid isolation of
cDNA clones by taking advantage of the 
function of the RecA protein, an essential com-
ponent of the E. coli DNA repair system that
promotes general genetic recombination. RecA
promotes formation of complexes between a
single-stranded DNA probe and homologous
double-stranded DNA molecules (1–3), thus
allowing the direct isolation of double-stranded
(ds) plasmids containing a target sequence. 

To perform the ClonCapture procedure, all you
need is sufficient sequence information from a
target gene to design primers for amplification
of a 200–600-bp biotinylated probe. The PCR
product is denatured and combined with RecA.

However, the presence of the nonhydrolyzable
analog ATPγS in the ClonCapture protocol 
stabilizes the triple-stranded intermediate and
blocks further strand exchange. 

The biotinylated probe-RecA complex interacts
with homologous sequences of duplex plasmid
DNA by displacing one strand of the duplex to
form a triple-stranded nucleoprotein complex.
In the presence of ATP, RecA would normally
catalyze recombination in such a complex.

• RecA-mediated pairing between
   homologous sequences 

• Treat with Proteinase K & SDS
• Treat with PMSF

• Capture with streptavidin
   magnetic beads

• Elute plasmid

Transform bacteria with enriched 
population of plasmids 

 Screen colonies by 
hybridization & PCR

 Positive
cDNA clones

Isolated plasmid DNA

Denatured, biotinylated
probe + RecA + ATP mix

2 days

3–5
days

RecA

Biotin

Mix �

Mix

Retroviral mammalian 
expression libraries

Plasmid cDNA 
libraries

Creator™ libraries

ClonCapture™cDNA Selection Kit
RecA-based technique for rapid isolation of cDNA clones from libraries
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Figure 1. The ClonCapture™ process. The ClonCapture procedure starts with a 200–600-bp biotinylated probe. The
probe is complexed with RecA and mixed with your library where it interacts with plasmid DNA to form a 
triple-stranded nucleoprotein complex. After proteolytic removal of RecA, the complexes are captured on 
streptavidin-coated magnetic beads. The captured DNA with your clone of interest is then recovered by alkaline
treatment. The eluted plasmid is then transformed into a common bacterial stain. Colonies can be screened using
colony hybridization or PCR to identify positive clones.
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ClonCapture™cDNA Selection Kit...continued
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See next page for ordering information.

ClonCapture™ cDNA Selection Kit Components
• RecA Protein

• RecA Buffer

• Cobalt Chloride

• ATP Mix

• EcoR V-digested λ DNA

• Proteinase K

• PMSF

• Streptavidin Magnetic Beads

• Binding Buffer

• Washing Buffer

• Elution Buffer

• Precipitation Mix

• Control Biotinylated PCR Fragment

• Control Plasmid Library

• Biotin-21 dUTP

• NucleoSpin® Extraction Trial Kit

• NucleoBond® Plasmid Kit

• User Manual (PT3246-1)

References
1. Honigberg, S., et al. (1996) Proc. Natl. Acad. Sci.

USA 83:9586–9590.
2.  Rigas, B., et al. (1986) Proc. Natl. Acad. Sci. USA

83:9591–9595.
3. Treintze, M., et al. (1995). Biochem. Biophys. Res.

Comm. 211:804–811.

Notice to Purchaser:
Use of the RecA technology is licensed under U.S. patent #49888274.

For additional ClonCapture™ products and
services, visit cloncapture.clontech.com.
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After proteolytic removal of RecA, these 
molecules are selectively captured on strepta-
vidin-coated magnetic beads. The captured ds
DNA is recovered by alkaline treatment and
eluted, leaving the biotinylated probe attached
to the magnetic beads. The enriched plasmid
population is then precipitated, resuspended,
and used to transform bacteria. The resulting
colonies are screened by colony hybridization
and PCR to identify the desired clones. 

Widest selection of cDNA libraries
available
There are several strategies for using
ClonCapture. We offer numerous premade
cDNA libraries from a wide variety of tissue
sources, including adult and fetal human 
tissues, and human cancer tissues. In addition,
premade human, mouse embryo, and rat brain
retroviral libraries are available. You can also
choose from seven ClonCapture-Ready Super
DNAs, which provides an even faster route to
expression studies since they were isolated
from the Mammalian Expression Libraries and
are already purified. The ClonCapture Kit also
works well with the Creator™ SMART™
Libraries and the Retroviral Libraries (Table I),
however, we do not recommend using
ClonCapture with our Large-Insert cDNA
Libraries. 

If our extensive library collection doesn’t 
contain the tissue or cell source you need, we
give you all the tools you need to generate your
own library using Creator™ SMART™ cDNA

Library Construction Kit. Once you have 
identified and isolated your positive clones
using ClonCapture, you can transfer library
inserts directly into an expression vector by
Cre-LoxP recombination.

The ClonCapture™ advantage
ClonCapture is more rapid and efficient than
other cDNA enrichment techniques that do not
utilize RecA and is more reliable than 
techniques that require conversion of the
library to a single-stranded form. ClonCapture’s
use of longer probes affords more specificity
than methods that use shorter and less specific
oligo probes. In addition, although this novel
technology is proprietary to BD Biosciences
Clontech, its use does not require a license. 

Vector Use

Creator™ SMART™ pDNR-LIB vector, insert is flanked Move your insert into any functional, 
Library by two loxP sites expression vector of your choice

Mammalian pEXP1 vector, CMV promoter, Directly transfect mammalian cells with 
Expression Library Puro resistance isolated clones

Retroviral Library pLIB,Ψ+extended viral Isolated clones are already for packaging 
packaging signal in any suitable packaging cell line, then 

infection of target cells for expression 
cloning

ClonCapture-Ready pEXP1 vector, CMV promoter, Purified library ready for ClonCapture 
Super DNA Puro resistance enrichment

Table I: BD Biosciences Clontech Products useful in 
ClonCapture™ cDNA Selection Kit

ClonCapture™
Custom Services

We can find your clones for you. You sim-
ply provide the nucleotide sequence or
DNA fragment of at least 300 bp and we
will do the rest—prescreen a pooled
library to verify the presence of your
clone, biotinylate the probe, and enrich the
library using our ClonCapture technology.
You will receive the longest clones 
3–4 weeks after submitting your 
DNA sequence. Contact your Territory
Manager for more information or visit
cloncapture.clontech.com.
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Retroviral Libraries
Vector Cat. #

Human Brain pLIB HL8006BB
Human Brain Tet-Inducible

pLIB HL8500BC
Human HeLa pLIB HL8002BB
Human Leukocyte pLIB HL8007BB
Human Liver pLIB HL8005BB
Human Mammary Gland

pLIB HL8001BB
Human Placenta pLIB HL8000BB
Human Prostate pLIB HL8003BB
Human Skeletal Muscle

pLIB HL8004BB
Mouse Embryo Retroviral Library

pLIB ML8000BB
Rat Brain Retroviral Library

pLIB RL8000BB

Human Creator SMART cDNA Libraries
Vector Cat. #

Hypernephroma pDNR-LIB HL9510DD
Kidney pDNR-LIB HL9517DD
Liver pDNR-LIB HL9502DD
Lung pDNR-LIB HL9515DD
Mammary Gland pDNR-LIB HL9523DD
Melanoma pDNR-LIB HL9514DD
Mucoepidermoid Carcinoma

pDNR-LIB HL9511DD
Neuroectodermal

pDNR-LIB HL9508DD
Pancreas pDNR-LIB HL9518DD
Placenta pDNR-LIB HL9516DD
Prostate pDNR-LIB HL9519DD
Prostate Adenocarcinoma

pDNR-LIB HL9512DD
Skeletal Muscle pDNR-LIB HL9503DD
Testis pDNR-LIB HL9504DD
Testis Embryonal Carcinoma

pDNR-LIB HL9513DD

Mammalian Expression cDNA Libraries (Human)
Vector Cat. #

Brain pEXP1 HL9002CC
Heart pEXP1 HL9000CC
Kidney pEXP1 HL9003CC
Liver pEXP1 HL9001CC
Placenta pEXP1 HL9005CC
Skeletal Muscle pEXP1 HL9006CC
Testis pEXP1 HL9004CC

Product Size Cat. #
ClonCapture cDNA Selection Kit

6 rxns K1056-1
Creator SMART cDNA Library Construction Kit

each K1053-1

Human ClonCapture-Ready Super DNA
Size Cat. #

Brain 5 rxns HC9002
Heart 5 rxns HC9000
Kidney 5 rxns HC9003
Liver 5 rxns HC9001
Placenta 5 rxns HC9005
Skeletal Muscle 5 rxns HC9006
Testis 5 rxns HC9004

Human Creator SMART cDNA Libraries
Vector Cat. #

Acute Myelogenous Leukemia
pDNR-LIB HL9506DD

Bladder Carcinoma
pDNR-LIB HL9505DD

Bone Marrow pDNR-LIB HL9525DD
Brain pDNR-LIB HL9500DD
Chronic Myelogenous Leukemia

pDNR-LIB HL9507DD
Fetal Brain pDNR-LIB HL9520DD
Fetal Liver pDNR-LIB HL9521DD
Fetal Lung pDNR-LIB HL9524DD
Fetal Kidney pDNR-LIB HL9522DD
Glioblastoma pDNR-LIB HL9509DD
Heart pDNR-LIB HL9501DD

ClonCapture™cDNA Selection Kit...continued
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Employment Opportunities

At BD Biosciences Clontech, we develop and
manufacture tools for life science research.
Our mission is to be a global leader in high-
quality innovative products for the life science
market. Our expertise in cDNA array technolo-
gy, PCR, two-hybrid analysis, gene expression,
fluorescent proteins and other reporter sys-
tems, and other molecular biology applica-
tions enables us to be a leader in cutting-edge
technologies. We firmly believe that our
employees and customers are our most 
valuable assets.

If you would like to join an elite group of talent-
ed individuals, send your resume indicating the
position of interest to:

BD Biosciences Clontech
1020 East Meadow Circle
Palo Alto, CA 94303-4230 
Attn: Human Resources
Fax: 650-354-0775 
E-mail: hr@clontech.com
Visit us at www.clontech.com

EOE/AA/M/F

Our continued success has created the 
following opportunities:

• Research Scientist 
• Sales Territory Manager
• MarCom Writer/Editor
• QA Application Specialist
• QA Associate
• Technical Support Specialist
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We have optimized a method for differentiating
four different fluorescent proteins expressed in
living cells using dual-laser flow cytometry. With
this method, we provide an efficient and reliable
way for simultaneously detecting and sorting
multiple subpopulations of viable genetically
modified cells. We have also demonstrated the
development of stable, permanent cell lines
expressing DsRed1, EYFP, EGFP, or ECFP.
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Four-Color Flow Cytometric Detection of Retrovirally Expressed Red,
Yellow, Green, and Cyan Fluorescent Proteins

Since its isolation from the luminescent jellyfish
Aequorea victoria, green fluorescent protein
(GFP) has become a powerful tool for
researchers studying mammalian and micro-
biological systems. However, spectral properties
inherent in the wild-type protein have limited its
use in flow cytometry. EGFP (enhanced green
fluorescent protein), a red-shifted GFP mutant
developed by BD Biosciences Clontech over-
came this limitation with an increased extinction
coefficient and quantum yield when excited at
488 nm, which made it ideal for flow cytometric
applications using argon-ion lasers (1).

BD Biosciences Clontech developed two addi-
tional GFP variants, enhanced yellow fluorescent
protein (EYFP) and enhanced cyan fluorescent
protein (ECFP), which provide a broad 
spectrum for analyses, but still have significant
overlap in their spectra. Until recently,
researchers requiring the use of multicolor 
fluorescence for flow cytometric work were
hindered from multilabeling experiments by
the spectral overlap of these GFP variants and
the limitations of available equipment. The
recent isolation of a red fluorescent protein
from the nonbioluminescent reef coral
Discosoma sp. has expanded this range by
more than 50 nm. Additionally, introduction of
a human codon-optimized version, DsRed1,
extends the utility of this protein even further
by allowing expression in mammalian systems. 
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Figure 1. Retroviral vectors for expression of DsRed1,
EYFP, EGFP, and ECFP transgenes. The MRIN, MYIN,
MGIN, and MCIN retroviral vectors contain the DsRed1,
EYFP, EGFP, and ECFP genes, respectively, under the
control of the MSCV long terminal repeat (LTR) on a
bicistronic transcript that also contains a downstream
neomycin resistance (neo) gene linked via an
encephalomyocarditis virus internal ribosome entry site
(IRES). SD = splice donor. SA = splice acceptor. Ψ+=
extended packaging signal. p(A) = polyadenylation site.
Adapted and reproduced in part by permission of
AlphaMed Press from Hawley et al. (3).

Figure 2. Fluorescence microscopy analysis of each fluorescent protein using three standard filter sets. GP+E-86
cells individually expressing DsRed1, EYFP, EGFP, and ECFP were imaged using each filter set indicated. The BV-1A
filter set (EX 435/10, DM 455, BA 470) used to image the ECFP signal also captured EGFP fluorescence and, to a lesser
extent, EYFP fluorescence. The B-2E/C filter set (EX 465–495, DM 505, BA 515–555) used for fluorescein 
isothiocyanate-like emission detected the EGFP signal and the EYFP signal. The G-2A filter set (EX 510-560, DM 575,
BA 590) used for phycoerythrin-like emission detected the DsRed1 signal as well as the EYFP signal. To demonstrate
spectral overlap, images were overexposed under a Nikon Eclipse TE 300 inverted fluorescence microscope
equipped with a 100W mercury arc lamp and a Sony DKC-500 Digital Camera. Reproduced from Hawley et al. (2) by
permission of Eaton Publishing.

In this report, we present an optimized 
technique for identifying mammalian cell 
populations stably expressing DsRed1, EYFP,
EGFP, or ECFP using dual-laser line excitation
at 458 and 568 nm. We also describe an 
alternative three-color detection protocol for
use on instruments that have only single-laser
line excitation at 488 nm. These methods 
provide a framework for studies requiring
simultaneous analysis of multiple fluorescent
proteins within living cells (2, 3). 

Development of stable cell lines
We cloned the genes from the plasmids
pDsRed1-1, pEYFP-N1, pEGFP-1, and pECFP
encoding DsRed1, EYFP, EGFP, and ECFP,
respectively, into murine stem cell virus
(MSCV) expression vector backbones (Figure 1).
Then, we generated stable cell lines expressing
these proteins by transduction of GP+E-86
ecotropic packaging cells, a derivative of the
murine embryonic fibroblast cell line NIH 3T3
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Four-Color Flow Cytometric Detection of Retrovirally Expressed Red,
Yellow, Green, and Cyan Fluorescent Proteins...continued

(4), followed by G418 selection and/or cell
sorting as described by Cheng et al. (5). Each
permanent cell line  demonstrated no toxicity
as a result of protein expression.

Spectral overlap of fluorescent proteins
Prior to flow cytometric analysis, we evaluated
the stable cell lines expressing each protein
using fluorescence microscopy. We used 
standard filter sets that closely matched the
excitation and emission maxima for each 
fluorescent protein. While all of the fluorescent
proteins were easily seen, spectral overlap was
prominent, especially among the GFP variants
(Figure 2). 

Flow cytometry
Next, we analyzed the cells using a
FACSVantage™ SE cell sorter equipped with
Coherent I-90 argon-ion and Coherent I-302C
krypton-ion lasers. The primary laser was
tuned to 458 nm for detection of the three GFP
variants and the second laser was tuned to 
568 nm for detection of DsRed1. Optical filters
were supplied by BD Biosciences or purchased
from Omega Optical, Inc. or Chroma
Technology, Corp. (Figure 3A). Spectral 
overlap of the proteins in flow cytometry can
be dealt with by employing the appropriate
optical filter configuration as well as real-time
electronic (hardware) or post-acquisition 
software-based compensation (3).

At 458 nm, all of the fluorescent proteins were
excited. While both EGFP and ECFP excited at
60 percent of the maximum absorbance,
DsRed1 excited at less than 20 percent of the
maximum absorbance, and EYFP excited at less
than 10 percent of the maximum absorbance.
We achieved resolution of EGFP, ECFP, and
EYFP by intra-laser compensation (Figure 3A).
Use of a 610/30 BP filter removed any interfer-
ence of signals from the GFP variants and in the
DsRed1 fluorescence channel. Since DsRed1
has a red-shifted spectrum, fluorescence gen-
erated at either 458-nm or 568-nm excitation
did not interfere with the signals of the GFP
variants. Furthermore, no signals were elicited
from the GFP variants at 568 nm. Using these
conditions, we successfully resolved all four
proteins in real time by careful pair-wise 
compensations between detectors (Figure 3B). 

TEL: 800-662-2566 (CLON) • 650-424-8222 • www.clontech.com CLONTECHniques • July 2001
E-MAIL: products@clontech.com • orders@clontech.com22

A P P L I C A T I O N  N O T E

Product Size Cat. #
pDsRed1-1 Vector 20 µg 6922-1

pEGFP-1 Vector 20 µg 6086-1
pEYFP-N1 Vector 20 µg 6006-1
pECFP Vector 20 µg 6075-1
MSCV Retroviral Expression System

each K1062-1
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Notice to Purchaser
See page 3 for Notice to Purchaser for Living Colors and see page
24 for Notice to Purchaser for MSCV Retroviral Expression System.

Figure 3. Real-time flow cytometric analysis of four fluorescent proteins. Panel A. Optical configuration used for
detection of DsRed1, EYFP, EGFP, and ECFP using dual-laser excitation at 458 and 568 nm. Cells were analyzed on a
FACSVantage SE (BD Biosciences Immunocytometry Systems) equipped with Coherent I-90 argon-ion and Coherent
I-302C krypton-ion lasers (Coherent Inc). The primary argon-ion laser was tuned to 458 nm (100 mW) and the krypton-
ion laser was tuned to 568 nm (35 mW). The three-beam separation option allowed the krypton-ion laser beam to be
directed along the third laser pathway (tertiary position), maximizing spatial separation of the two beams, and mini-
mizing both laser noise and crosstalk between the signals. Data were acquired using CELLQuest. The
OmniCompensation option allowed real-time intra- and inter-laser compensations. The ECFP signal was split off from
the EYFP/EGFP signals using a 500 nm longpass (LP) dichroic filter and collected with a 485/22 nm bandpass filter. The
EYFP and EGFP signals were separated with a 525 nm shortpass (SP) dichroic filter and collected with a 550/30 nm
bandpass filter and a 510/20 nm bandpass filter, respectively. A 568 nm restriction band (RB) filter was placed in front
of the 550/30 nm bandpass filter to block off stray laser light. The DsRed1 signal was collected with a 610/30 nm band-
pass filter with a sharp cutoff at 595 nm. Panel B. Three-dimensional plots showing real-time detection of DsRed1,
EYFP, EGFP, and ECFP signals in a mixture of GP+E-86 cells individually expressing the MRIN, MYIN, MGIN, and MCIN
retroviral vectors (together with nontransduced parental GP+E-86 cells). Plots were generated using WinMDI v2.7
(from J. Trotter, The Scripps Research Institute, La Jolla, CA/BD Biosciences Pharmingen). Reproduced from Hawley
et al. (3) by permission of AlphaMed Press.

Since many flow cytometers are equipped with
only an argon-ion laser tunable to 488 nm, we
analyzed the combination of DsRed1/EYFP/
EGFP-expressing cell population using single-
laser excitation at 488 nm. DsRed1 has a minor
excitation peak around 488 nm and can be
excited reasonably well (40 percent of maxi-
mum absorbance) at this wavelength. These
three proteins were readily detectable and dis-
tinguishable in real time (data not shown; 2). 

Sort subpopulations of viable cells
Through retrovirally mediated gene transfer of
DsRed1, EYFP, EGFP, and ECFP-containing 
vectors, we established permanent mammalian
cell lines expressing these proteins. We 
demonstrated that it is possible to differentiate
among DsRed1, EYFP, EGFP, and ECFP using
dual-laser flow cytometry, making this a useful
technique to sort subpopulations of viable cells
simultaneously expressing DsRed1 and various
combinations of the three GFP variants. 

A B
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Consistent with this result, high-throughput
sequencing of 5′ and 3′ ends of at least 10,000
random clones from each of an additional 20
libraries, show that at least 50 percent the
clones are full length. 

Expression of c-myc
Next, we transferred separately three of the 
full-length clones via the Creator System (3) to
Creator Acceptor Vectors pLP-CMVneo, a 
constitutive expression vector, and pLP-TRE2, a
doxycycline-regulated expression vector. We
then transfected the pLP-CMVneo-c-myc
plasmids and the pLP-TRE2-c-myc plasmids
into HEK 293 cells and Tet-On HEK 293 cells,
respectively. In Tet-On 293 cells, induction of
c-myc expression requires the presence of
doxycycline in the culture media. Following
transfection, we extracted total proteins from

autoradiograph exposure times, and hazards in
material handling and disposal. Thus, a 
non-isotopic protocol with high sensitivity is
desirable. Combining the ClonCapture™ cDNA
Selection Kit with the SpotLight™ Chemi-
luminescent Hybridization and Detection Kit
satisfies issues of both sensitivity and ease of
use for an efficient protocol to isolate and 
identify gene-specific clones from a library.
Using these technologies, we have developed an
easy-to-use protocol that does not require
radioactivity for the isolation of a clone 
representing a low-abundance gene from a 
tissue-specific library.   

Library enrichment using ClonCapture™
Using a NucleoBond® Maxi Kit, we extracted
DNA from a bacterial culture seeded with an
aliquot from the glycerol stock of the Human
Acute Myelogenous Leukemia Creator SMART
cDNA Library (originally made for the NCI MGC
Project). Then, we enriched for c-myc-
containing clones by using the ClonCapture
cDNA Selection Kit (see page 18 for diagram of
the ClonCapture protocol). Briefly, we generated
a biotinylated c-myc probe using PCR 
incorporation of biotin-21-dUTP into a 660-bp 
fragment (bp 398-1058 from ATG) of c-myc.
Combination of RecA and ATP with the 
biotinylated probe and purified library DNA
mediated the pairing of the single-stranded
probe with homologous double-stranded
sequences of individual clones. Applying 
streptavidin magnetic beads to this mixture
caused the retention of these complexes.
Proteolytic cleavage of RecA followed by alka-
line treatment of the purified DNA complexes
left the probe bound to the streptavidin while
c-myc-containing plasmids were eluted. We
then used these plasmids to transform a 
common high efficiency bacterial strain. 

Nonradioactive selection for clones
containing c-myc
We transferred the bacterial colonies to a nylon
membrane and probed for c-myc using the
same c-myc-biotinylated probe generated for
the ClonCapture protocol. We used the
SpotLight Chemiluminescent Hybridization and
Detection Kit to visualize positive clones. We
selected 11 colonies based on detectable
hybridization signals and found all 11 clones
contained c-myc—seven of which contained
the full-length c-myc coding sequence.

Previously, isolation and identification of novel
genes based solely on the partial sequences
listed in EST (expressed sequence tag) data-
bases required time-consuming and extensive
library screening, subcloning, colony
hybridizations with radioactive probes, further
subcloning into suitable expression vectors,
and subsequent functional analyses. This whole
process could take months, if not years, to
complete. In this report, we demonstrate a
streamlined process that takes only a few
weeks to complete. This protocol includes 
isolating a clone from a library, transferring
the gene of interest to an expression vector,
and beginning a functional study using a 
constitutive expression system and a tetracy-
cline-regulated mammalian expression system.

Creator™ SMART™ cDNA Libraries
SMART™ (Switching Mechanism At the 5’-end
of the RNA Transcript) technology (1, 2) 
generates a high percentage of full-length cDNA
sequences, including low-abundance genes,
from any cellular or tissue source. Combining
the Creator™ technology with SMART results
in Creator™ SMART™ cDNA Libraries. These
cDNA Libraries have made it possible to easily
transfer any gene from a donor vector (pDNR-
LIB) to a wide array of the Creator-compatible
acceptor vectors, making the gene of interest
rapidly available for expression and functional
analysis using bacterial, retroviral, or any other
expression systems (3).

Utilization of conventional library screening
methods for isolating positive clones from a
library poses several drawbacks, including 
isotope instability (i.e., short half-life), long

Using ClonCapture™ cDNA selection, we enriched
the Human Acute Myelogenous Leukemia
Creator™ SMART™ cDNA Library for c-myc, a low
abundance gene, and isolated seven full-length
clones. Then we transferred three of these clones
via the Creator™ system to a constitutive 
expression vector and to a Tet-expression vector.
We transfected these vectors into HEK 293 cells
and Tet-On™ HEK 293, respectively. Western blot
analysis of protein extracts illustrated that Myc is
constitutively-expressed in HEK 293 cells and 
regulated by doxycycline in Tet-On HEK 293 cells.

Yunping Lin, Ph.D. & Andrew Farmer, Ph.D.
Molecular Biology Applications Group
BD Biosciences Clontech

Nonradioactive Isolation of Full-Length cDNA Clones from a
Creator™ SMART™ cDNA Library

Figure 1. Protocol for isolation and characterization of
Myc.
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the cells and separated them by SDS-PAGE.
Then, we transferred the proteins to a PVDF
membrane for Western blot analysis with 
c-Myc Monoclonal Antibody. As Figures 2B and
2C show, all three clones expressed the 
full-length c-Myc protein. The protein was
expressed constitutively as well as inducibly
using a tet-based expression vector. 

In this report, we demonstrated the potential of
ClonCapture, when combined with a non-
radioactive detection method, to significantly
reduce library screening time by capturing
sequence-specific clones from a library 
generated to contain full-length sequences. We
also demonstrated the utility of the Creator
System by showing that it is possible to rapidly
generate expression constructs from library
clones for quickly moving to functional analysis.
This coordinated use of BD Biosciences
Clontech’s products provides an efficient and
easy system to isolate novel genes and begin to
identify their functional significance.  

Notices to Purchaser
† Patent pending.
Use of the Sfi I cloning strategy is licensed under U.S. Patent
#5,595,895.

SMARTTM technology is covered by U.S. Patents #5,962,271 &
#5,962,272.

AdvantageTM 2 products are covered by U.S. Patent #5,436,149.

The PCR process is covered by patents owned by Hoffmann-
La Roche, Inc., and F. Hoffmann-La Roche, Ltd. 

Tet products are sold under patent sublicense for research purposes
only. Licenses for commercial manufacture or use may be obtained
directly from Harvard University

Use of the Tetracycline controllable expression systems (the "Tet
Technology") is covered by a series of patents including U.S. patents
#5,464,758 and #5,814,618 which are proprietary to BASF
Aktiengesellschaft ("BASF"). Academic research institutions are
granted an automatic license with the purchase of this product to use
the Tet Technology only for internal, academic research purposes,
which license specifically excludes the right to sell, or otherwise
transfer, the Tet Technology or its component parts to third parties. In
accepting this license, all users acknowledge that the Tet Technology
is experimental in nature. BASF makes no warranties, express or
implied or of any kind, and hereby disclaims any warranties, 
representations, or guarantees of any kinds as to the Tet Technology,
patents, or products. All others are invited to request a license from
BASF prior to purchasing these reagents or using them for any 
purpose. CLONTECH is required by its licensing agreement to submit
a report of all purchasers of the Tet-controllable expression systems
to BASF. For license information, please contact TET Systems (a unit
of Knoll/BASF Pharma) via:

US office: BASF Bioresearch Corporation, 100 Research Drive,
Worcester, MA 01605-4314, U.S.A.,
Fax: +1 508-755-8361

EU office: Knoll AG, Knollstrasse 50,
67061 Ludwigshafen, Germany
Fax: +49 621-589-1901

or use our electronic licensing request form via
http://www.knoll.de/tet/licensing/index.html.

Notice to Purchaser for two-hybrid systems 
Practice of the two-hybrid system is covered by U.S. Patents
#5,283,173 and #5,468,614 assigned to the Research Foundation of
the State University of New York. Purchase of any BD Biosciences
Clontech two-hybrid reagent does not imply or convey a license to
practice the two-hybrid system covered by these patents.
Commercial entities purchasing these reagents must obtain a
license from the Research Foundation of the State University of New
York before using them. BD Biosciences Clontech is required by its
licensing agreement to submit a report of all purchasers of two-
hybrid reagents to SUNY Stony Brook. Please contact Barbara A.
Sawitsky of SUNY Stony Brook for license information (Tel: 516-632-
4163; Fax: 516-632-9839).

Notice to Purchaser for pBridge Vector
The pBridge Vector is the property of the Institute National de la
Santé et de la Recherche Médicale (INSERM). Inquiries regarding
the commercial use or resale of this vector must be directed to
INSERM, France.

Notice to Purchaser for Diversify™ Mutagenesis Kit
TaqStartTM Antibody is licensed under U. S. Patent #5, 338, 671.

The PCR process is covered by patents owned by Hoffmann-
La Roche, Inc., and F. Hoffman-La Roche, Ltd.

Notice to Purchase for MSCV Retroviral Expression System
Use of the MSCV Retroviral Expression System is exclusively
licensed from Robert G. Hawley, Ph.D. Academic research 
institutions are granted an automatic license with the purchase of
this product to use the MSCV Retroviral Expression System only for
internal, academic research purposes. This limitation expressly
excludes the right to sell or otherwise transfer the MSCV system or
its component parts to third parties. All other users and purchasers
are required to obtain a license from BD Biosciences Clontech prior
to purchasing these reagents or using them for any purpose. For
licensing information, please contact: Product Manager, Cell
Biology, BD Biosciences Clontech, Inc. 1020 East Meadow Circle,
Palo Alto, CA  94303, or call 650-424-8222 x7816.

Nonradioactive Isolation of Full-Length cDNA Clones from a
Creator™ SMART™ cDNA Library...continued
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Figure 2. Cloning and expression of c-myc. Panel A.
Colony hybridization with c-myc probe. Competent E.
coli were transformed with plasmid DNA enriched by
the ClonCapture™ procedure and individual colonies
were transferred to a neutral nylon membrane by colony
lifting. Positive clones were revealed by hybridization to
a biotinylated c-myc probe using SpotLight™
Chemilumescent Hybridization and Detection Kit. Panel
B. Western blot for c-Myc in HEK 293 Tet-On cells show-
ing doxycycline-dependent regulation of c-myc expres-
sion from each of three cDNA clones transferred to the
pLP-TRE2 vector. Panel C. Western blot showing consti-
tutive c-myc expression from the pLP-CMVneo vector.
Dox: doxycycline (1 µg/ ml) Mock: transfections with
empty pLP-CMVneo vector.

Myc

Product Size Cat. # Price
Human Acute Myelogenous Leukemia Creator 

SMART cDNA Library
each HL9506DD

Creator pDNA-1 Cloning Kit
each K1670-1

SpotLight Chemiluminescent Hybridization 
& Detection Kit

each K1032-1
pLP-TRE2 Acceptor Vector

20 µg 6348-1
NucleoBond Plasmid Maxi Kit

50 preps K3003-2
c-Myc Monoclonal Antibody

200 µg 3800-1
HEK 293 cells 1 ml C3202-1
293 Tet-On Cell Line 1 ml C3003-1
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