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Introduction
The analysis of in-frame insertions has
proved to be an effective method for dis-
secting structure-function relationships
in proteins, including the identification
of permissive sites for protein engineer-
ing applications. In this report, we
describe the identification of several per-
missive and semi-permissive sites in the
E. coli β−galactosidase (lacZ gene) using
the EZ::TN™ In-Frame Linker Insertion
Kit. (Editor’s note: An overview of this kit
is presented on p. 2). 

Methods
In-frame 19-codon insertions were gen-
erated in the lacZ gene cloned in
pMLB1101, a pBR322 derivative that
also encodes an ampicillin-resistance
marker (bla gene), as described in the
EZ::TN In-Frame Linker Insertion Kit
instructions.  

First, 0.02 picomoles of the EZ::TN™
<Not I/KAN-3> Transposon and 0.02
picomoles of the pMLB1101 plasmid
(0.1 microgram) were incubated in a 10-
µl reaction mixture containing EZ::TN™
Transposase and reaction buffer for 2
hours at 37ºC. EZ::TN Stop Solution was
added to terminate the reaction and 1 µl
of the reaction mixture was used for
electroporation of a ∆lac recA- electro-
competent E. coli strain.  After 30 min-
utes of recovery, cells were plated on
rich medium containing 50 µg/ml
kanamycin to select for EZ::TN
Transposon insertion clones and 40
µg/ml XG (X-gal; 5-Bromo-4-chloro-3-
indolyl β-D-galactopyranoside) and
1mM IPTG (Isopropyl β-D-thiogalac-
topyranoside) to screen for β-galactosi-
dase activity. White, kanamycin-resistant
colonies (denoted as “XG minus”) were
indicative of insertion of the 1167-bp
EZ::TN <Not I/KAN-3> Transposon into

the lacZ gene of pMLB1101, with result-
ant “knockout” of the β-galactosidase
activity. Twelve XG minus clones (puta-
tive lacZ insertion clones) were initially
chosen for analysis. One of the 12
clones was found to be ampicillin sensi-
tive, suggesting it had acquired an addi-
tional insertion or some other mutation
in the bla gene of pMLB1101.
Restriction digest “fingerprints” of the
other 11 XG minus clones confirmed
that a single EZ::TN <Not I/KAN-3>
Transposon had been inserted into the
lacZ gene. These 11 clones were used
for generating 19-codon (19-amino
acid) in-frame insertions by Not I diges-
tion and re-ligation. Thus, each clone
was independently digested with Not I

to release the kanamycin marker from
the inserted EZ::TN <Not I/KAN-3>
Transposon, re-ligated, and transformed
into ∆lac E. coli.  Colonies were selected
and analyzed for growth on ampicillin
agar plates containing XG and IPTG
(Figure 1). 
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Figure 1. The growth on XG indicator agar of
cells expressing different levels of β-galactosidase
activity from cloned lacZ gene variants produced
using the EZ::TN™ In-Frame Linker Insertion Kit.
The plasmids carried in the different strains (clock-
wise from the top) are A) pBR322 (negative con-
trol), B) insertion clone D671, C) insertion clone
G20, D) insertion clone L631, E) pMLB1101
(lacZ+; positive control).  See Figure 4 for the
exact 19-amino acid insertion site of each clone.
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Results
Four of the 11 in-frame insertion clones
(36%) analyzed for growth were medi-
um to dark blue (XG+) after overnight
incubation on medium containing XG
and IPTG, indicative of significant levels
of β-galactosidase activity. Thus, the 19-
amino acids inserted into these four sites
of the protein appear to be permissive
based on indicator agar behavior.
Assays of cellular β-galactosidase
showed that these insertion derivatives
expressed enzyme activity at 0.3 to 21%
of the wild-type level. Two additional
colonies turned medium blue after
growth for about 36 hours.  Two others
turned only pale blue, and the final three
remained white. The latter are indicative
of colonies with 19-amino acid inser-
tions into non-permissive sites of 
β-galactosidase. 

The transposon insertion sites of DNA
encoding eight independent 19-amino
acid in-frame insertions were sequenced
using primers provided in the EZ::TN In-
Frame Linker Insertion Kit to determine
the exact location of each insertion
(Figure 4).  The insertion sites of the four
permissive clones were identified at bp
64 (G20), bp 769 (R255), bp 1898 (L631),
and bp 2112 (P703). Unexpectedly, the
transposon inserted in the same orienta-
tion in all four strains (with the
kanamycin resistance marker and lacZ
in the same orientation), although all
three reading frames were represented.
The insert at G20 is expected to be
active because it falls in a region that
can be deleted in β-galactosidase
fusions without loss of activity.  Based on
the β-galactosidase three–dimensional
structure1 the L631 insertion falls at the
junction between domains 3 and 4 of

the protein, which might also be expect-
ed to be relatively tolerant of insertions.
The activities of the other two insertions
may be explained by their evident sur-
face exposure, although further analysis
is needed.

Discussion
Our  preliminary analysis of β-galactosi-
dase insertional mutants demonstrate
that the EZ::TN In-Frame Linker Insertion
Kit provides a fast and efficient in vitro
method for generating random in-frame
19-amino acid insertions into proteins
encoded by cloned DNA. The results
from further analyses of permissive and
non-permissive sites in β-galactosidase
is continuing and will be reported else-
where.

References
1. Jacobson et al., (1994) Nature 369:761.

An Overview of the EZ::TN™ In-Frame Linker Insertion Kit
The EZ::TN™ In-Frame Linker Insertion Kit is an in vitro, transposon-
based protein modification system that was designed for rapid and
easy production of random 19-amino acid (19-codon; 57-nucleotide)
insertions into any protein encoded by a cloned DNA.  Since the
inserted 19 codons are read in all three reading frames, the kit can be
used to identify key regulatory, binding and catalytic domains in pro-
teins or to find permissive and non-permissive sites in proteins for pro-
tein engineering or other uses.  

The overall process for introducing random 19-codon insertions into
cloned DNA is shown in Figure 2. The EZ::TN <Not I/KAN-3>
Transposon, containing a kanamycin-resistance marker flanked by
Not I sites, is randomly inserted into different molecules of a target

DNA, such as a clone of a pro-
tein gene, during a brief 2-hour
in vitro reaction in the pres-
ence of EZ::TN Transposase.
Following transformation of 
E. coli, a library of independent
EZ::TN Transposon insertion
clones is obtained. Kanamycin-
resistant insertion clones for
further analysis can be identi-
fied by gene functional analysis
or by mapping or DNA
sequencing of the transposon
insertion site.  Once clones are
chosen, the kanamycin resist-
ance gene is excised from the
transposon by Not I digestion
(Figure 3). Each Not I-digested clone is then re-ligated and re-transformed into 
E. coli.  The resulting clones each contain a random 19-codon insertion that can be
read in all three reading frames. Thus, the protein retains its original amino acid
sequence on both sides of the insertion site.

L

Figure 2. The EZ::TN™ In-Frame Linker Insertion Kit is
based on the highly random Tn5 transposition system. A
single reaction generates thousands of independent
insertion clones.

Figure 3. The EZ::TN™ <Not I/KAN-3>
Transposon contains a kanamycin 
resistance gene flanked by Not I sites. A 
19-codon insertion that can be read in all
three reading frames is generated follow-
ing Not I digestion and re-ligation.
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EZ::TN™ In-Frame Linker Insertion Kit

EZI04KN-F81 10 Reactions

TransforMax™ EC100™
Electrocompetent E. coli

Highest efficiency electrocompetent cells
available. See center insert for more 
information.

EC10005 5 X 100 µl   
(10 electroporations)

EC10010 10 X 100 µl
(20 electroporations)
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Figure 4. The location of the 19-amino acid insertion
into eight independent β-galactosidase insertion
derivatives. The designated amino acid is immediate-
ly N-terminal to the point of insertion. The domain
structure of β-galactosidase is adapted from Jacobson 
et al., (1994) Nature 369:761.

Sequence through hairpin loops, regions
of high GC or AT content, areas of inter-
strand reannealing, and inverted or
direct repeats. Using end-labeled
primers, SequiTherm EXCEL II DNA
Sequencing Kits provide complete, clear
sequencing data when all other methods
fail.

• Complete work on most any difficult
gap to finish your sequencing project.

• High flexibility - you can perform
both cycle and isothermal sequencing
with one kit.

• Kits compatible with LI-COR® and
ALF™ DNA Sequencers (both dye-
primer and internal label) and with
ABI™ automated sequencers 
(dye-primer).

• Reduced background signal.

Figure. Sequencing through a
GC-rich trinucleotide repeat.
Supercoiled plasmid template
containing (CGG)23 was
sequenced using the
SequiTherm EXCEL II
isothermal sequencing 
protocol.

G A T C

Finish your DNA Sequencing Project
Complete Difficult Regions with SequiTherm EXCEL™ II DNA Sequencing Kits

Benefits

“I know of no other sequencing 
method that resolves GC 
compressions better than 
SequiTherm EXCEL™ II.”

- Glenn Dawes, Affymax Research Institute, 
The Scientist, Vol.12, #6, 1998, pg. 13

SequiTherm EXCEL II resolved a 
“2-year-old puzzle” due to “an 

unreadable hairpin loop” for the
Washington University genome center.

- Science, Vol. 280, 8 May 1998, pg. 816

SequiTherm EXCEL™ II DNA
Sequencing Kit - LC For 25-41 cm gels
on LI-COR® Sequencers

SE9101LC (100 Sequences)

SequiTherm EXCEL™ II DNA
Sequencing Kit - LC For 66 cm gels on
LI-COR® Sequencers

SE9202LC (100 Sequences)

SequiTherm EXCEL™ II Long-Read™
DNA Sequencing Kit - ALF™

For ALF DNA Sequencers 
SE8301A (100 Sequences)

SequiTherm EXCEL™ II DNA
Sequencing Kit

(for manual cycle and non-cycle 
sequencing)
SEM79020 20 Sequences
SEM79050      50 Sequences
SEM79100      100 Sequences
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Introduction
The new BuccalAmp™ DNA Extraction
Kit is a single-tube system that provides

an extremely easy and rapid method for
extraction of PCR-ready genomic DNA
from humans or small animals. The use
of buccal (cheek) samples eliminates the
time and discomfort required for sample
collection by blood draws. Buccal cells
are first adsorbed onto individually
packaged sterile Catch-All™ Sample
Collection Swabs - a soft foam swab on
a flexible plastic handle (Figure 2).
Catch-All Swabs are easy and safe to
use, even for pediatric sampling, and
their porous foam captures more sample
than standard buccal brushes. The sam-
ple is collected simply by rotating the
swab on the inside of the cheek. Then
the swab is returned to the hard-pack
plastic cylinder for storage until
processed.

Sample processing is simple (Figure 1).
The swab with sample is rotated in the
QuickExtract™ DNA Extraction Solution
and briefly heated to obtain high yields

of PCR-ready genomic DNA. The
method requires no organic solvents or
even centrifugation, permitting rapid
extraction of both individual samples, as

well as multiple sam-
ples for high through-
put processing. 

Here we demonstrate
the high yields of buc-
cal cell DNA extracted
from individuals in a
family consisting of
both children and
adults. We also show
that the samples can be
processed immediately
or stored at room tem-
perature for later pro-
cessing, thus permit-

ting sample collection at remote sites
and shipment to a processing lab.
Finally, we demonstrate that the genom-
ic DNA obtained is suitable for use for
PCR amplification of even difficult
sequences, including both highly repeti-
tive and GC-rich sequences, using the
FailSafe™ PCR System.

Methods
Buccal samples were collected and
DNA was extracted from 9 members of
an extended family. Five of the samples
were obtained at remote sites. Briefly,
each buccal cell sample from these indi-
viduals was air dried onto the Catch-All
Swab, and placed in the hard plastic
cylinder in which it was supplied.  All
samples were shipped or stored at room
temperature for one week before DNA
extraction. Two of the samples were col-
lected from children ages 5 and 7. DNA
was extracted from all nine samples by
standard kit protocol as summarized in
Figure 1. The DNA recovered was quan-
tified by fluorimetry. 

Results
The genomic DNA concentrations
obtained for each 500-µl sample of
QuickExtract DNA Extraction Solution
ranged from 3 to 14 ng/µl (Table 1).
Thus, total DNA yield per individual var-
ied from 1.5 to 7.0 µg of genomic DNA,
about two-fold higher than with other
methods. The variation in yield of
extracted DNA between individuals is
normal and varies depending on each
individual’s sloughing of buccal cells, as
well as sampling technique and other

variables. Yields of DNA extracted from
remote-site samples, as well as from
pediatric samples, were comparable to
yields obtained from adult samples
extracted immediately (Table 1). 

Five microliters of QuickExtract Solution
containing buccal cell DNA from each
of the 9 individuals (1% of the total buc-
cal cell DNA extracted from each) was
used in PCR amplification reactions with
the FailSafe PCR System (see p. 15-16).
The 5-µl aliquots provided ample DNA
to examine differences in polymorphic
repeat sequences between these related
individuals. The repeats varied in length
from 180 to 320 basepairs. The PCR
products were easily detected and dis-
tinguished by size, as seen in Figure 3.
The extracted pediatric DNA, as well as
the DNA obtained by remote-site sam-
pling, amplified as efficiently as the
adult samples extracted immediately.

The buccal DNA from all nine individu-
als was also amplified with primers to

Rapid Extraction of PCR-Ready DNA from 
Buccal Cells Using the BuccalAmp™ DNA Extraction Kit

Judith E. Meis, EPICENTRE

DNA Sample
ready for PCR.

Heat at 65oC 
for 30 min. 
and 98oC 
for 15 min.

Rotate swab in 
QuickExtract 
DNA Extraction
Solution.

Rotate swab 
on the inside 
of cheek.

Figure 2. Catch-All™ Sample Collection Swabs
(upper) are gentle and effective - even for 
pediatric sampling. The porus swab improves DNA
yields by absorbing more sample than standard
buccal brushes (lower). Catch-All Swabs are sup-
plied individually in sterile hard plastic cylinders.

Table 1. DNA yields obtained from 
9 individuals using the 
BuccalAmp™ DNA Extraction Kit

Sample DNA conc. Total 
(ng/µl) yield (µg)

1# 14 ng/µl 7.0 µg
2# 9 4.5
3# 13 6.5
4# 12 6.0
5# 7 3.5
6 7 3.5
7* 3 1.5
8* 10 5.0
9 4 2.0

*pediatric samples
#samples collected at remote sites

Figure 1. Procedure for obtaining PCR-ready genomic DNA using the
BuccalAmp™ DNA Exraction Kit.

M 1# 2# 3# 4# 5# 6 7* 8* 9

Figure 3. PCR of polymorphic repeat sequences
in DNA from buccal samples from 9 individuals
obtained using the BuccalAmp™ DNA
Extraction Kit. DNA was amplified using the
FailSafe™ PCR System. Lane M, 100 bp marker.

# remote-site collected sample

* pediatric sample

NEW

PRODUCT!
NEW

PRODUCT!
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the tumor necrosis factor (TNF) gene.1
This GC-rich 740-bp PCR product was
amplified with the FailSafe PCR System
using FailSafe PCR PreMix F for all of the
samples tested, including pediatric DNA
as well as remote-site collected DNA
(Figure 4).  

Discussion
High yields of PCR-ready DNA were
obtained from buccal cells collected
with the Catch-All Sample Collection
Swabs and extracted with the
BuccalAmp DNA Extraction Kit reagents.
Buccal DNA yields from samples collect-
ed at remote sites produced comparable
yields to samples extracted immediately,
demonstrating the effectiveness of the
Catch-All Swabs for remote-site collec-
tion when transported in their hard plas-
tic cylinders. The soft, porous Catch-All
Swabs were also shown to be effective
for collecting buccal cells from children.

The simple DNA extraction protocol
requires minimal hands-on processing
time, allowing simultaneous processing
of a large number of samples. The result-
ing DNA is sufficient for more than 100
amplification reactions. 

References
1. Moffatt, M. et al. (1999) Thorax, 54:757-761.

BuccalAmp™ DNA Extraction Kit 

BQ0901S 1 Kit
BQ0908S 8 Kits
BQ0916S 16 Kits
Contents:
15 tubes (1 extraction/tube) of
BuccalAmp™ QuickExtract™ Solution 1.0. 
15 individually-packaged sterile Catch-All™
Swabs.

QuickExtract™ DNA Extraction 
Solution 1.0

QE09050 50 ml
Bulk solution, sufficient to perform 100
extractions.

Catch-All™ Sample Collection Swabs

QEC091H 100 swabs
100 individually-packaged swabs in sterile
hard-pack plastic cylinders.

High Fidelity PCR Amplification of DNA 
up to 40 Kb Using the 

MasterAmp™ Extra-Long PCR Kit

The FailSafe™ PCR System (page 15-16)
is ideal for consistent and accurate
amplification of any template up to
about 20 Kb, whatever its sequence and
without need for “hot start” techniques.
However, for sequences up to 40 Kb, the
MasterAmp™ Extra-Long PCR Kit
enables consistent and accurate amplifi-
cation.  This kit efficiently amplifies
regions up to at least 40 Kb from lamb-
da DNA, 30 Kb from E. coli DNA and 28
Kb from human DNA.  “Hot start” tech-
niques are typically not required when
using the MasterAmp Extra-Long Kit. 

The MasterPure™ Extra-Long DNA
Polymerase contained in the kit combines
MasterAmp™ Taq DNA Polymerase with
a proprietary 3’ − 5’ proofreading enzyme
to achieve PCR fidelity at least three
times better than Taq DNA Polymerase
alone. The kit includes MasterAmp
Extra-Long DNA Polymerase and nine

different Extra-Long PCR 2X PreMixes for
convenient and fast PCR set-up.  The nine
Extra-Long PCR PreMixes each contain
buffer, dNTPS and differing amounts of
both Mg2+ and MasterAmp™ PCR
Enhancer (with betaine*). Once the opti-
mal PreMix is identified for a particular
template/primer combination, consis-
tent amplification of the template will be
achieved using the same PreMix.

* Patents issued and pending.

Figure 1. Amplification of 5, 10, 15, 20, 30,
35, and 40 Kb sequences from lambda DNA.
One nanogram of lambda DNA was used to
amplify 5, 10, 15, 20, 30, 35, and 40 Kb
sequences. Lane M, 5 Kb DNA ladder. Results
were analyzed on a 0.5% agarose gel run at
30 V for 20 hours.

Size Amplified (Kb)
M 5 10 15 20 30 35 40 M

2 1 8 8 4 4 4

MasterAmp High Fidelity 
Long PCR PreMix

← 40 Kb← 35← 30
← 25
← 20

← 15

← 10

← 5 Kb

MasterAmp™ Extra-Long PCR Kit

MHF9220 50 Reactions
Contents: 

MasterAmp™ Extra-Long PCR 
PreMixes 1-9

MasterAmp™ Extra-Long DNA 
Polymerase Mix

Control Lambda DNA/Primers

Individual Extra-Long PCR 2X PreMixes

MasterAmp™ Extra-Long PCR 2X PreMix 1

MHF925A 5 ml
MasterAmp™ Extra-Long PCR 2X PreMix 2

MHF925B 5 ml
MasterAmp™ Extra-Long PCR 2X PreMix 3

MHF925C 5 ml
MasterAmp™ Extra-Long PCR 2X PreMix 4

MHF925D 5 ml
MasterAmp™ Extra-Long PCR 2X PreMix 5

MHF925E 5 ml
MasterAmp™ Extra-Long PCR 2X PreMix 6

MHF925F 5 ml
MasterAmp™ Extra-Long PCR 2X PreMix 7

MHF925G 5 ml
MasterAmp™ Extra-Long PCR 2X PreMix 8

MHF925H 5 ml
MasterAmp™ Extra-Long PCR 2X PreMix 9

MHF925I 5 ml

MasterAmp™ Extra-Long DNA
Polymerase Mix

QU92125 125 U
QU92500 500 U
QU9201K 1,000 U

Figure 4. FailSafe™ DNA amplification of TNF-beta
from BuccalAmp™ extracted, genomic DNA.
Lane 1, negative control; Lane M, 100 bp ladder.
Lanes 2-10, TNF PCR products from individuals 1-9.

M 1 2 3 4 5 6 7 8 9 10



Introduction
There is worldwide debate concerning
the safety and desirability of planting
and consuming genetically modified
foods (GMOs).  As a consequence, the
number and importance of rapid and
cost-effective GMO testing processes
have grown significantly. PCR is now the
standard process for analyzing food
materials for the presence of GMOs.
However, a standard method for prepar-
ing DNA from a wide variety of food-
stuffs is needed to establish a standard-
ized GMO testing program.1 Here, we
show that the MasterPure™DNA
Purification Kit provides a rapid, repro-
ducible, and cost-efficient method for
DNA extraction from food and plant
materials for GMO testing without the
use of hazardous chemicals, columns or
resins.   

Materials and Methods
An overview of the MasterPure DNA
purification process is shown in Figure 1.
Commercial food samples were pur-
chased locally. Fifty mg of solid or 150
µl of liquid samples were extracted in
duplicate using the MasterPure DNA
Purification Kit according to the stan-
dard kit protocol. Using the MasterPure
Kit, PCR-ready DNA was purified in 45
minutes or less from each sample. DNA
yields were measured by fluorimetry
with calf thymus DNA as a standard.
Certified Reference Material soybean
powders (Joint Research Centre-IRMM)
were obtained from Acros Chemical

Company. PCR primers and amplifica-
tion conditions specific for the common-
ly-used cauliflower mosiac virus (CaMV)
35S promoter and the nopaline syn-
thetase (NOS) terminator sequences
were used for detection of GMO food-
stuffs. 

Results and Discussion 
Although the amount of DNA extracted
from different food materials varied,
DNA yields were highly reproducible for
each sample tested (Table 1), and pro-
vided enough DNA to perform many
PCR reactions for GMO analysis. In
many cases, PCR products of the pre-
dicted sizes were detected for both
CaMV and NOS PCR targets using the
same DNA (Figure 2, lanes 2, 7 and 8).
In these cases (e.g., cornmeal, soy hot
dog, and corn curls), the data was very
strong that the commercial products
were GMOs. Some soy foods, however,
were PCR-positive for CaMV, but nega-
tive for NOS (Figure 2, lanes 3 and 5).
This result could occur if a non-GMO
plant had been infected with CaMV or a
closely-related virus or if the product is a
GMO but a terminator sequence differ-
ent than NOS was used.

In summary, the MasterPure DNA
Purification Kit has been shown to be
effective in the extraction of DNA from
raw and processed food for use in GMO
analyses.  The  DNA yields are repro-
ducible between samples of the same
food material and sufficient to perform
many PCR reactions.

References
1. Gachet, E. et al. (1999) Trends Food Sci.

Technol. 9:380.
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Purification of DNA from Food Materials for Detection of 
Genetically Modified Organisms (GMOs) Using the 

MasterPure™ DNA Purification Kit
Les M. Hoffman and Katie Loomis, EPICENTRE

Food Sample

Lyse cells
and treat with RNase

Resuspend
DNA for PCR 

analysis

Retain
supernatant

Discard
protein pellet+

Precipitate and
spin down proteins

Precipitate and 
wash DNA

Figure 1. Overview of the process for isolating
PCR-ready DNA from GMOs using the
MasterPure™ DNA Purification Kit. All reagents
needed are provided in the kit.

Table 1. DNA yields and PCR results for foodstuffs using two common
GMO-related targets.  

DNA Yield from
Duplicate Samples, CaMV 35S 

Material Extracted µg DNA Target NOS Target        

Cornmeal, commercial 4.9 , 4.7 + +
Cornmeal, organic 9.7, 8.1 + + 
Polenta, organic 1.6, 2.0 - -              
Soy milk W 0.8, 0.7 + -  
Soy milk E 0.5, 0.5 - -       
Soy protein 12.6, 12.4 + -
Tofu 8.6, 8.4 - -
Hot dog, soy 14.7, 11.9 + +
Corn curl 0.3, 0.4 + +  

MasterPure™ DNA Purification Kit

MCD85201 200 Purifications

MasterPure™ Complete DNA & RNA
Purification Kit

MC89010 10 Purifications
MC85200 200 Purifications

www.epicentre.com



EPICENTRE’s RiboShredder™ is a propri-
etary blend of potent non-mammalian
RNases that completely degrades
unwanted RNA in DNA and protein
purification procedures. Unlike other
RNase cocktails, RiboShredder RNase
completely degrades all RNA (Figure 1).
RiboShredder RNase Blend uses 
recombinant, highly purified ribonucle-
ases and thus does not require boiling to
remove unwanted DNase activities prior
to use.

• Quickly and completely degrades 
RNA (Figure 1).

• Highly purified, cloned non-
mammalian enzyme blend is free 
of contaminating DNases and 
proteases.
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Figure 1. PCR amplification of the CaMV 35S promoter
(upper gel) and NOS terminator sequences (lower gel) using
genomic DNA isolated with the MasterPure™ DNA
Purification Kit. Sources of DNA included Certified Reference
Material soybean powder (Lane 1), commercial cornmeal
(Lane 2), soy milk W (Lane 3), soy milk E (Lane 4), soy protein
(Lane 5), tofu (Lane 6), soy hot dog (Lane 7), and corn curls
(Lane 8). Negative control (Lane 9); M, DNA Ladder.

RiboShredder™ RNase Blend
Destroys Unwanted RNA Quickly and Efficiently

Benefits

1 2 3 4 5 6 M

Figure 1. RiboShredder completely degrades RNA in DNA purification procedures. Nucleic acids from 
a standard alkaline lysis plasmid prep were treated with RiboShredder RNase individual RNases or other
commercially available RNase mixtures. Lane 1, RNase A; Lane 2, RNase I; Lane 3, RNase T1, Lane 4,
RiboShredder RNase Blend; Lane 5, RNase A/RNase T1 cocktail; Lane 6, Untreated alkaline lysis plasmid
preparation M, Supercoiled DNA ladder.

RiboShredder™ RNase Blend

RS12100 100 Units
RS12500 500 Units

M 1 2 3 4 5 6 7 8 9 M

CaMV 35S

NOS

NEW

PRODUCT!
NEW

PRODUCT!

DNA

RNA

RiboShredder™ RNase Blend



pIndigoBAC-5 is the first commercially
available Bacterial Artificial Chromosome
(BAC) vector for cloning and preparation
of primary BAC libraries. The vector is
derived from pBeloBAC11 and
pIndigoBAC.1 pIndigoBAC-5 is com-
pletely cloning-ready.  It has been lin-
earized at either its unique BamH I or its
unique Hind III site and is then complete-
ly dephosphorylated.  All preparations of
EPICENTRE’s pIndigoBAC-5 Cloning-
Ready vectors are extensively tested to
ensure successful and efficient BAC
library production.

Cloning Efficiency
Greater than 106 recombinants per micro-
gram of pIndigoBAC-5 DNA are observed
when pIndigoBAC-5 (BamH I-Cloning

Ready) or pIndigoBAC-5  (Hind III-
Cloning Ready) vector is ligated with the
appropriate control insert DNA and
transformed into TransforMax™ EC100™
Electrocompetent E. coli. Greater than
90% of the recombinants contain an
insert as analyzed using the Colony 
Fast-Screen™ Kit (p. 13).

No contaminating E. coli DNA
A major concern of BAC vector prepara-
tions is that they be free of contaminat-
ing E. coli chromosomal DNA frag-
ments. Contaminating E. coli DNA com-
petes with the genomic DNA fragments
of interest during the ligation step and
results in an unacceptably high number
of clones containing E. coli DNA instead
of the genomic DNA of interest.
pIndigoBAC-5 Cloning-Ready preps are
tested for the absence of contaminating
E. coli DNA by ligating the vectors with
and without added control insert DNA.
pIndigoBAC-5 Cloning-Ready vector
preparations produce 1000-fold more
recombinant colonies when ligated with
the control insert DNA. The EPICENTRE
Quality Specification for this assay is
that >90% of recombinants will contain
inserts from the DNA of interest. 

Complete Linearization
Unacceptably high backgrounds
(observed as blue colonies on a plate)
can result if the pIndigoBAC-5 is not com-
pletely linearized. When pIndigoBAC-5
Cloning-Ready vector preparations are
used directly to transform TransforMax™
EC100™ cells, fewer than 5 X 104 blue
colonies (containing non-linearized
pIndigoBAC-5 DNA) per microgram of
DNA are observed.  With a cloning effi-
ciency of >106 colonies/µg, the back-
ground due to incomplete linearization
of the pIndigoBAC-5 Cloning-Ready vec-
tor can be as low as 2%. The EPICENTRE
Quality Specification for this test is that
>90% of the transformants in a BAC
library are recombinant (white) colonies. 

Complete Dephosphorylation
Blue colonies can also result from incom-
plete dephosphorylation of the linearized
pIndigoBAC-5 vector. When pIndigoBAC-
5 Cloning-Ready vector preparations are
treated with T4 DNA Ligase, without
added insert DNA, and then used to

transform TransforMax EC100 cells, fewer
than 5 X 104 blue colonies are observed
per microgram of DNA. The EPICENTRE
Quality Specification for this test is that
>90% of the transformants in a BAC
library are recombinant  (white) colonies.

Integrity of the BamH I and Hind III
ends
Efficient ligation of genomic DNA
requires that the BamH I and Hind III
cohesive ends of the pIndigoBAC-5
Cloning-Ready vectors are intact. To
assay for the integrity of the cohesive
ends, each batch of pIndigoBAC-5
Cloning-Ready vectors is 5’-phosphory-
lated using Polynucleotide Kinase and
then self-ligated.  Following transforma-
tion, >90% blue colonies are observed
indicating that the BamH I and Hind III
ends of the vectors are fully intact.
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1. Birren, B., Mancino, V. and Shizuya, H.,  Bacterial

Artificial Chromosomes in Genome Analysis: A
Laboratory Manual v.3, 241-295,  Cold Spring
Harbor Press (1999).

2. Hurowitz, E.H. et al., (2000) DNA Research 7:2,1.

8

EPICENTRE Forum

pIndigoBAC-5 Cloning-Ready Vectors are 
Extensively Tested for High Cloning Efficiency & 

Low Background
Marlena Skarbek, EPICENTRE

pIndigoBAC-5 (BamH I-Cloning Ready)*

BACB085H 500ng   25 ng/µl   
Supplied linearized at Bam HI site and
completely dephosphorylated. 

pIndigoBAC-5 (Hind III-Cloning Ready)*

BACH095H 500ng   25 ng/µl   
Supplied linearized at Hind III site and
completely dephosphorylated.

BAC End-Sequencing Primers2

pIndigoBAC-5 Forward Sequencing
Primer
BFP0701 1 nmole  50 µM

pIndigoBAC-5  Reverse Sequencing
Primer

BRP0801 1 nmole   50 µM

TransforMax™ EC100™
Electrocompetent E. coli
Highest efficiency electrocompetent cells
available. Ideal for preparing BAC libraries.
See center insert for more information.
EC10005 5  X 100 µl

(10 Electroporations)      
EC10010 10 X 100 µl

(20 Electroporations)      

Hind III

BamH I

pIndigoBAC-5

7.5 Kb

lacZ

Chl R

redF

ori2

repE
parA

parB

parC

cos loxP

Forward
Primer

Reverse Primer

Figure 1. pIndigoBAC-5 Cloning-Ready vectors are
provided linearized at either the BamH I or 
Hind III site and completely dephosphorylated.
pIndigoBAC-5 vectors feature enhanced blue/white
screening of recombinants and very low back-
grounds.

NEW

PRODUCT!
NEW

PRODUCT!

Figure 2. Cloning of Hind III-digested E. coli DNA
into pIndigoBAC-5 (Hind III-Cloning Ready) vector
produces a library containing >90% recombinants
(white colonies) and >106 clones/µg DNA.  Less
than 10% of the transformants are non-recombinant
blue colonies.

*pIndigoBAC-5 is exclusively licensed by EPICENTRE
Technologies.

www.epicentre.com





In addition to encoding a kanamycin-resistance gene, 
the EZ::TN <R6Kγori /KAN-2>Tnp Transposome contains
an E. coli conditional origin of replication (R6Kγori). The
presence of this origin of replication enables easy res-
cue cloning of the gene or region of DNA containing
the transposon for each insertion clone (Figure 1).

Rescue of insertion clones is extremely powerful for
functional and genetic analysis. With E. coli, greater
than 104 transposon insertion clones are obtained fol-
lowing electroporation with only 1 µl of EZ::TN
<R6Kγori /KAN-2>Tnp Transposome. A gel with exam-
ples of typical rescue clones is shown in Figure 2.

Rescue cloning of the region of host genomic DNA 
containing the inserted transposon is a three step process:

1. Purify  genomic DNA from a single chosen insertion
clone or from a pooled population of clones.
Fragment the genomic DNA by digestion with
restriction endonuclease(s) or by random shearing.  

2. Self-ligate the genomic DNA fragments.

3. Transform an aliquot of the ligation reaction into an 
E. coli cell line that expresses the ∏ protein (pir gene
product), such as TransforMax™ EC100D™ pir+ or
TransforMax™ EC100D™ pir-116 Electrocompetent
E. coli and grow on plates containing kanamycin.
Only those clones containing the EZ::TN <R6Kγori
/KAN-2> Transposon will grow. Yields of >104 res-
cue clones per µg of genomic DNA are typically
seen.

Two unlabeled sequencing primers that are homologous
to the ends of the inserted transposon are provided for
bidirectional sequencing of the rescue clones.

A Transposome™ is a stable complex between an EZ::TN™
Transposon and EZ::TN™ Transposase that forms spontaneously in
the absence of magnesium cations. The complex is so stable that it
can be used to transform competent E. coli and other microorgan-
isms. Once in the cell, the EZ::TN Transposome is activated by
intracellular magnesium cations and randomly inserts a single
EZ::TN Transposon into the chromosome or extrachromosomal
DNA of each cell in vivo. Insertion clones are selected by plating
on medium containing kanamycin. Insertions into genes can cre-
ate functional gene knockouts, which can often be screened for or
selected based on a change in phenotype. 

The EZ::TN™ <R6Kγori /KAN-2>Tnp Transposome™
is a powerful tool used to create random gene 
knockouts in living cells. Then, rescue clone the
region of genomic DNA into which it inserts using
TransforMax™ EC100D™ pir Electrocompetent 
E. coli.

EZ::TN™ <R6Kγori /KAN-2>Tnp Transposome™ Kit
TSM08KR-F81 10 Reactions
Includes two unlabeled sequencing primers. 

TransforMax™ EC100D™ pir+ Electrocompetent E. coli
ECP09500-F81 5 X 100 µl

(10 Electroportions)
Maintains clones at 15 copies per cell.
Includes control vector containing an R6Kγori.

TransforMax™ EC100D™ pir -116 Electrocompetent E. coli
EC6P095H-F81 5 X 100 µl

(10 Electroporations)
Includes control vector containing an R6Kγori.
Maintains clones at 250 copies per cell.

Products for Rescue Cloning

www.epicentre.com
800-284-8474

Figure 1. The process for rescue cloning of transposon insertion sites in
genomic DNA using the EZ::TN™ <R6Kγori /KAN-2>Tnp Transposome™
and TransforMax™ EC100D™ pir+ or TransforMax™ EC100D™ pir-116
Electrocompetent E. coli.

<R6Kγori /KAN-2> Clone Purify, then shear or 
RE digest genomic DNA

Self-Ligation

RKAN

ori

Rescued plasmid DNA KanR rescued clones

Transform pir E. coli 
and select on Kan plates

RKAN
ori

RKAN

ori

RKAN
ori

RKAN
ori

RKAN
ori

RKAN
ori

Figure 2. Gel analysis of 11 rescue clones. Lane 1, size markers;
Lanes 2-12, rescue clones of E. coli chromosomal DNA produced
using EZ::TN™ <R6Kγori /KAN-2>Tnp Transposome™.

1 2 3 4 5 6 7 8 9 10 11 12



1 2 3Ready-Lyse™ Lysozyme Solution
Improves Protein Yield 

by More Efficient Bacterial Lysis
Many protocols for the isolation of pro-
teins for high throughput activity assays
or for preparative purification from bac-
teria use egg white lysozyme to aid the
breakdown of cell walls. Egg white
lysozyme is positively charged at neutral
pH and will bind and precipitate nega-
tively charged proteins thus reducing
their yield. Ready-Lyse™ Lysozyme
Solution is a non-mammalian, non-avian
recombinant lysozyme preparation with
a specific activity 200-fold higher than
that of egg-white lysozyme.  Thus, much
less Ready-Lyse Lysozyme is required per
reaction resulting in an increased yield
of protein from bacteria cells with mini-
mal contamination by exogenously
added lysozyme.

Ready-Lyse Lysozyme can be used for
the lysis of Gram-negative and Gram-
positive bacteria and utilizes a gentle
procedure that does not require sample
agitation or heat generation, which can
result in protein denaturation. In addi-
tion, Ready-Lyse Lysozyme is stable at 
-20ºC, thus eliminating the need to 
prepare a fresh solution for each use, as
is the case for egg white lysozyme.

OmniCleave™ Endonuclease
Removes Contaminating

Nucleic Acids from Protein Preparations
OmniCleave™ Endonuclease is a highly
purified enzyme that degrades all forms
of single- and double-strand DNA and
RNA to di-, tri- and tetranucleotides
(Figure 1). In addition, OmniCleave
Endonuclease is active within a broad
range of conditions normally used in
protein preparations. Use OmniCleave
Endonuclease to:

• Improve the handling and yield of 
protein preparations by reducing the
viscosity of cell lysates due to nucleic
acids.

• Remove trace contamination by
nucleic acids in protein preparations.

• Improve the electrophoretic and chro-
matographic separation of proteins
isolated from whole cell lysates.

OmniCleave Endonuclease is tested to
be free of detectable protease activity.

ReadyPreps™ Protein Preparation Kit
The ReadyPreps™ Protein Preparation Kit
combines Ready-Lyse Lysozyme Solution
with OmniCleave™ Endonuclease for
high-throughput screening and small
scale purification of proteins from bacte-
rial cells. The ReadyPreps Kit is:

• Rapid - most preparations can be
completed in 20 - 45 minutes.

• Gentle - no heating steps that can
denature proteins are required.

Protein purifications using the
ReadyPreps Kit are compatible with
most downstream purification processes
(e.g. ammonium sulfate precipitation,
column chromatography, etc.).

RNase I is included in the kit for remov-
ing cellular RNA in the event that the
plasmid DNA and protein are extracted
simultaneously.

www.epicentre.com 9
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Three Ways to Increase Protein Yield for High Throughput Screening,
Preparative Purification, or Bioprocessing

Figure 1. Use of Ready-Lyse™ Lysozyme Solution
to recover recombinant proteins. One ml of
induced cells from a recombinant E. coli clone
was pelleted by microcentrifugation before induc-
tion and at 1 and 3 hours after induction. Each
sample was resuspended in 50 µl of cold TEBG
buffer. One µl of Ready-Lyse Solution was added
to each suspension and the cells were incubated
at room temperature for 30 minutes. The cell
debris was pelleted and 10 µl of the supernatant
were run on an SDS-PAGE gel. Lane1, molecular
weight markers; Lanes 2-4, time points of induc-
tion. The induced protein is designated by an
arrow.

0 
hr

.
1 

hr
.

3 
hr

.

M

1  2 3 4

←

Figure 1. Removal of nucleic acids from cell
lysates using OmniCleave™ Endonuclease. Cell
lysates were prepared with or without OmniCleave
Endonuclease from E. coli cells expressing human
lactate dehydrogenase B (LDH) and E. coli alkaline
phosphatase (AP). Two microliters of each of the
cell lysates were separated by electrophoresis on a
1% agarose gel and the nucleic acids detected by
ethidium bromide staining. Lane M, 1 Kb ladder. 

M + –

LDH AP

M + – OmniCleave
Endonuclease

Ready-Lyse™ Lysozyme Solution 

R1802M 2 x 106 U
R1804M 4 x 106 U
R1810M 10 x 106 U

This product is available animal 
product-free in bulk. Please inquire.

OmniCleave™ Endonuclease

OC7810K 200 U/µl 10,000 U
OC7850K 200 U/µl 50,000 U

Provided with Dilution Buffer.

This product is available animal 
product-free in bulk. Please inquire.

ReadyPreps™ Protein Preparation Kit
(for total cellular proteins)

RP78100 100 1-ml 
Preparations

Reagents sufficient to process 5 g of cells.

Contents:

ReadyPreps™ Lysis Buffer A
ReadyPreps™ Lysis Buffer B
OmniCleave™ Endonuclease
RNase I
1 M MgCl2
0.5 M EDTA
Lysis Test Reagent
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Introduction
Base Excision Sequence Scanning (BESS)
has been shown to be a highly sensitive
method both for determining the exis-
tence of and exact sequence changes
involved in single nucleotide polymor-
phisms (SNPs),1 and for viral and bacte-
rial typing.2,3 This article demonstrates
that BESS can be used to simultaneously
analyze two different targets by using
PCR primers with different fluorescent
labels and multiplex PCR techniques. In
this work, we use multiplex-BESS (M-
BESS) to examine the correlation
between a SNP in the p53 tumor supres-
sor gene with human papilloma viral
(HPV) type in cervical scrape DNA. 

Methods
Purified DNA samples were kindly pro-
vided by Dr. Tsilya Gerasimova and Dr.
Lucia Pirisi-Creek of the Molecular
Biology Laboratory, in the Department of
Pathology, at the University of South
Carolina School of Medicine.

Multiplex PCR amplification of Exon 4 of
the p53 gene and the HPV L1 gene was
optimized for BESS-T & G™ Base Reader
Analysis using the BESS PCR
Optimization Kit. DNA amplification
was performed using approximately 100
ng of sample DNA, 10 pmol of each
primer in BESS Optimization PreMix E
and 2.5 units of MasterAmp™ Taq DNA
polymerase in 50-µl reactions. The
primers used to amplify the HPV L1 ORF
were: MY09, and 6-FAM-labeled
MY11.1 The primers used to detect the
mutation in codon 72 of the p53 gene
were: TET-labeled, 5’ TCC CCC TTG
CCG TCC CAA 3’ and HEX-labeled, 5’
TGA AGT CTC ATG GAA GCC AGC 3’.
Amplifications were performed with
either set of primers independently, and
with both sets simultaneously (multiplex
PCR). The BESS-G™ modification reac-
tion was performed on  5 µl of PCR
product and these modified products
were treated with the BESS-G™ Excision
Enzyme Mix for 30 minutes. BESS-T™
analysis required only incubation with
the BESS-T Excision Enzyme Mix. Two
microliters of each BESS Excision reaction
were diluted in formamide and run on an
ABI PRISM™ 310 Genetic Analyzer
using GeneScan® 500 (TAMRA) Size
Standards and GeneScan® Analysis 
software.

Results
Recently it has been noted that an over-
representation of  a specific polymor-
phism in p53 (arginine-72) is found in
patients with HPV-associated tumors.4
Primers to exon 4 of the p53 gene were
used to monitor the p53 SNP resulting in
arginine-72 (CGC). The multiplex PCR
also contained primers to the L1 open
reading frame of HPV to analyze the
HPV type of the cervical scrape DNA
samples. A sample of M-BESS results
obtained using differentially labeled
primers and analyzed on an automated
DNA sequencer is shown in Figure 1.

Fourteen samples with prominent HPV
PCR products were typed by BESS-T
analysis. Of the 14 samples, clearly pos-
itive for HPV, 10 were quickly typed
using the published sequences of the L1
ORF (Table 1). The remaining 4 samples
were clearly HPV positive, but were list-
ed as “not determined” because the 
T ladder produced by BESS-T Analysis did
not match any of the 33 genotypes exam-
ined. Sample electropherograms of the
HPV typing data are shown in Figure 1.
Two of the samples, which were positive 

for HPV but of undetermined type, had
complex T patterns (samples 8 and 14),
indicating a possible co-infection by at
least two types of HPV (data not shown). 

BESS-G analysis of p53 defined three
HPV-positive samples that had a G pres-
ent in the second position of codon 72
(arginine-72). Sample BESS-G electro-
pherograms of the p53 tumor suppressor
gene are shown in Figure 1. The absence
of the G in codon 72 (proline-72) was
only detected in 3 samples, all of which
carried “not determined” HPV geno-
types (samples 8, 11, and 14 in Table 1).
Interestingly these were the three sam-
ples not identified by comparison to any
of the 33 most common HPV genotypes,
and included the two samples that con-
tained at least two HPV types. 

Discussion
We have demonstrated the utility of
using Multiplex Base Excision Sequence
Scanning (M-BESS) in simultaneous HPV
typing and specific mutation analysis,
adding a tool for researchers performing
epidemiological studies requiring the
analysis of multiple PCR products. 

Simultaneous SNP Identification in p53 and HPV Viral Typing with
Multiplex Base Excision Sequence Scanning (BESS)

Frederick W. Hyde and Judith E. Meis, EPICENTRE

Table 1. Multiplex-BESS determination of HPV Type and p53 
codon 72 polymorphism

HPV HPV Type p53
Sample Status (BESS) Codon

1 Positive undetermined Arg

2 Positive 58 Arg

3 Positive 16 Arg

4 Positive 16 Arg

5 Positive 6b Arg

6 Positive 58 Arg

7 Positive 16 Arg

8 Positive undetermined# Pro

9 Positive 66 Arg

10 Positive 61 Arg

11 Positive undetermined Pro

12 Positive 6b Arg

13 Positive 52 Arg

14 Positive undetermined# Pro

Fourteen clinical samples were HPV-typed by BESS™ Base Reader Analysis. The undetermined
samples did not match the sequence of any of the 33 HPV genotypes examined.

# These samples had at least two HPV strains present.

www.epicentre.com
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M-BESS  allows the rapid generation of
data at low cost per sample. M-BESS
analysis can be performed on multiple
loci simultaneously as long as different
fluorescent-labeled primers are used for
each locus of interest. In this preliminary
study, we have shown that simultaneous
BESS analysis of two DNA targets from a
clinical sample can provide sufficient
information for typing HPV and exactly
identifying specific mutations in p53.
The M-BESS technique is a useful tool
for many other analyses where either
multiple SNPs or multiple typing reac-
tions, or both, are required.

The BESS Website (www.epicentre.com)
contains information about the BESS
technique, including application notes,
a complete list and internet links to ref-
erences from the scientific literature,
product protocols, and articles from the
Epicentre Forum. 
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BESS-T&G™ Base Reader Kit 
(also called BESS MutaScan™)

BTG8520 20/40 Rxns
BTG85100 100/200 Rxns
The BESS-T&G™ Base Reader Kits con-
tain sufficient reagents to fully analyze 
20 or 100 templates respectively, using
PCR reactions with a single-labeled
primer or 40 or 200 templates, respec-
tively, using two labeled primers per
reaction (T sense and antisense strands,
and G sense and antisense strands).

Note: PCR enzyme is not included

Contents:

BESS dNTP Mix

BESS-G™ Modification Reagent

BESS-G™ Excision Enzyme Mix

BESS-T™ Excision Enzyme Mix

BESS Excision Enzyme Buffer

Stop/Loading Buffer

Control Primer (forward)

Control Primer (reverse)

Control Template

BESS-T™ Base Reader Kit 
(also called BESS T-Scan™)

BN712100 200 Reactions
Contents:

BESS-T™ Excision Enzyme Mix 

BESS Excision Enzyme Buffer

BESS dNTP Mix

Control Primer (forward)

Control Primer (reverse)

Control Template

Stop/Loading Buffer

BESS-G™ Base Reader Kit 
(also called BESS G-Tracker™)

GT85100 200 Reactions
Contents:

BESS-G™ Modification Reagent

BESS-G™ Excision Enzyme Mix

BESS Excision Enzyme Buffer

BESS dNTP Mix

Control Primer (forward)

Control Primer (reverse)

Control Template

Stop/Loading Buffer

Panel B: BESS-T™ Analysis

Panel C: BESS-G™ Analysis

M         E         I

Panel A

HPV L1 ORF
(~448 bp)

p53
(~310 bp)

2 - HPV 58

3 - HPV 16

5 - HPV 6b

2 - HPV 58

3 - HPV 16

5 - HPV 6b

Figure 1. Simultaneous analysis of the HPV L1 ORF and the p53 gene by BESS™ Base Reader Analysis. Panel A: Multiplex PCR amplification of the HPV L1 ORF
and p53 gene using the BESS™ PCR Optimization Kit PreMixes. The results using a “hot start” with PreMixes E and I are shown. M,  DNA Ladder. Panel B: Rapid
HPV typing by BESS-T™ analysis of the L1 ORF. The samples were analyzed using the HPV L1 ORF primers 6-FAM-labeled MY11 and unlabeled MY09. The three
different HPV strains were easily determined by comparing the T peak patterns above with the known sequence of the viral strains. Panel C: Identification of the
codon 72 polymorphism in the p53 gene by BESS-G™ analysis. The samples were amplified using a TET-labeled forward primer (shown) and a HEX-labeled
reverse primer (data not shown). The data from the forward primer alone was sufficient to detect the polymorphism.
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PCR amplification products, produced
using Taq Polymerase and other ther-
mostable DNA Polymerases, frequently
contain a non-template-coded 3’-A
overhang. The End-It™ DNA End-Repair
Kit rapidly and efficiently converts PCR
product into 5’-phosphorylated, blunt-
ended DNA for efficient and economical
cloning into any blunt-end cloning vec-
tor (Figure 1). The conversion to 5’-phos-
phorylated, blunt-end DNA is accom-
plished by exploiting the 5’-3’ poly-
merase and 3’-5’ exonuclease activities
of T4 DNA Polymerase and T4
Polynucleotide Kinase contained in the
End-It End-Repair Enzyme Mix. ATP,
dNTPs and 10X Reaction Buffer are also
included in the kit. The resulting 5’-
phosphorylated, blunt-end DNA can be
used directly without purification in a
DNA ligation reaction. 

The End-It DNA End-Repair Kit is also
useful for repairing genomic DNA frag-
ments containing damaged or incompat-
ible 5’- or 3’-ends that result from shear-
ing or restriction endonuclease diges-
tion. The resulting 5’-phosphorylated,
blunt-end DNA can be cloned into any
blunt-end plasmid, cosmid, fosmid or
BAC vector.

For PCR product cloning, the End-It
DNA End-Repair Kit provides:

Cloning efficiencies of > 107 cfu/µg of
PCR product can be obtained (Table 1).

Other PCR cloning methods require
cloning into a limited number and
type of specialized and costly vectors.
Using the End-It DNA End-Repair Kit
you can clone your PCR product into
the blunt-ended, dephosphorylated
vector of your choosing.

One kit will end-repair and 
5’-phosphorylate up to 20 PCR prod-
ucts for subsequent blunt-end
cloning. 

End-It™ DNA End-Repair Kit

ER0720 20 Reactions

For end-repair and 5’-phosphorylation of
up to 100 µg of DNA

Contents: End-Repair Enzyme Mix, 10X
End-Repair Buffer, dNTP Solution, ATP
Solution 

TransforMax™ EC100™
Electrocompetent E. coli

Highest efficiency electrocompetent cells
available. See center insert for more 
information.

EC10005 5 X 100 µl   
(10 electroporations)

EC10010 10 X 100 µl
(20 electroporations)

Efficiently Clone a PCR Product into the 
Vector of Your Choice 

Using the End-It™ DNA End-Repair Kit

Figure 1. The End-It™ DNA End-Repair Kit converts PCR product with 3’-A overhangs 
to blunt-end, 5’-phosphorylated DNA for cloning into a blunt-end site of any vector. 

Use the Fast-Link™ DNA Ligation and
Screening Kit for rapid and efficient 15
minute blunt-end ligation and 1-hour
screening of recombinants. See p. 13.

Table 1. Cloning efficiency of PCR product treat-
ed with the End-It™ DNA End-Repair Kit. 50ng
of a 1.3 Kb PCR product, produced using Taq
DNA polymerase, was ligated into a linearized
and dephosphorylated cloning vector before and
after end-repair and 5’-phosphorylation using the
End-It DNA End-Repair Kit.  The positive control
was a 1.3 Kb DNA digested with Pvu II.  Aliquots
of the ligation reactions were used to transform
TransforMax™ EC100™ Electrocompetent E. coli.

Colonies/µg 
DNA

PCR product without
treatment 0

PCR product made 
blunt-ended with End-It Kit 4 X 107

Blunt-ended DNA control 4 X 107

(Pvu II-cut DNA)

Efficiency

Versatility

Economy

dC dAdCdAdGdT dA dTdG OH

dG dGdTdCdA dT dAdCdAOH

PCR product with non template-encoded 3'-A overhangs

dC dCdAdGdT dA dTdG OHP

dG dGdTdCdA dT dAdC POH

End-repaired PCR product with 5'-phosphate groups

End-It™ DNA End-Repair Kit

Cloned plasmid construct

dC dCdAdGdT dA dTdG

dG dGdTdCdA dT dAdC

Blunt-ended, dephosphorylated
vector of choice

OH

OH

T4 DNA Ligase

NEW

PRODUCT!
NEW

PRODUCT!
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DNA Ligation
in 5 Minutes

The Colony Fast-Screen™ Kit provides a
rapid and highly sensitive method for
size screening of plasmid, cosmid and
Bacterial Artificial Chromosome (BAC)
clones without the need to grow cultures
or perform minipreps.  Using the Colony
Fast-Screen Kit, the size of cloned inserts
can be determined in about 1 hour.  

The protocol for using the Colony Fast-
Screen process, which is amenable to
both high throughput and routine
cloning applications, is described in
Figure 1.  First, small amounts of indi-
vidual colonies are randomly picked
from plates and placed in centrifuge
tubes or into the wells of a microtiter
plate.  Cells are resuspended in
EpiBlue™ Buffer and the DNA con-
tained in each clone is released from the
cells by addition of EpiLyse™ Buffer.
Finally, the size of the cloned insert is
determined by loading aliquots from
each tube or well into the well of an
agarose gel followed by gel elec-
trophoresis and DNA staining (e.g.,
Figure 2).

Fast-Link™ DNA Ligation Kits and the
Colony Fast-Screen™ Kit are sold indi-
vidually or together in the Fast-Link™
DNA Ligation and Screening Kits.

EPICENTRE’s Fast-Link™ DNA Ligation
kits are specially formulated to provide
the fastest ligation of DNA with either
blunt or cohesive ends, including PCR
products with 3’-A overhangs, for both
routine and high throughput cloning. 

Fast and Efficient DNA Ligations
• Ligate cohesive-end DNA in 5 min-
utes at room temperature and get >90%
white colonies.

• Ligate blunt-end DNA in 15 minutes
at room temperature and get >95%
white colonies.

• Ligate PCR products with 3’-A 
overhangs in 1 hour or less at 16ºC.

Transform Cells Without Desalting the
Ligation Reaction
Desalting the Fast-Link ligation reaction
prior to electroporation of competent
cells is not necessary.  Aliquots (1 - 2 µl)
of a Fast-Link ligation reaction may be
used directly in electroporation.

Lab Tested…Scientist-approved
Visit www.biowire.com and search for
“Fast-Link” to view comments from
users of EPICENTRE’s Fast-Link DNA
Ligation Kit.

Figure 2. Agarose gel size analysis of 9 
plasmid deletion clones. A 4.7 Kb DNA insert
was ligated into EPICENTRE’s pPDM™-1 Plasmid
Deletion Vector to produce a 8.2 Kb recombinant
clone. Random, unidirectional deletions were
generated in the clone by addition of EZ::TN™
Transposase. Nine deletion clones were randomly
chosen from the selection plate and the size of each
determined using the Colony Fast-Screen™ Kit. 

Clone Number
M   18 19 20 21 22 23 24 25 26

10.1 Kb–
8.1–
7.0–
6.0–
5.0–

4.0–

3.0–

2.1–

Screen Your Clones in 1 Hour
Using the Colony Fast-Screen™ Kit

Fast-Link™ DNA Ligation Kits

LK0750H 50 ligations
LK6201H 100 ligations

Contents:
Fast-Link™ DNA Ligase, Fast-Link™ 10X
Ligation Buffer, ATP

Colony Fast-Screen™ Kit

FS08250 1 kit
Reagents for screening 250 colonies.

Contents:
EpiBlue™ Buffer, EpiLyse™ Buffer

Fast-Link™ DNA Ligation Screening
Kits

LK08050 1 kit
Reagents sufficient to perform 50 
ligations and screen 250 colonies.

LK08100 1 kit
Reagents sufficient to perform 100 
ligations and screen 500 colonies.

Contents
Fast-Link™ DNA Ligase, Fast-Link™ 10X
Ligation Buffer, 10 mM ATP, EpiBlue™
Buffer, EpiLyse™ Buffer

1. Transfer colony 
 pick into a  
 microcentrifuge
 tube or microtiter  
 dish.

2. Resuspend cells 
 in EpiBlue™ Buffer 
 and vortex.

3. Add EpiLyse™ 
 Buffer and vortex.  
 Incubate at 
 70oC for 15 min.

4. Size-screen clones 
by gel electrophoresis

. . .. . .

. . .. . .

. . .. . .

Figure 1. Plasmid clones can be screened in 1 hour
using the Colony Fast-Screen™ Kit.

Then …

NEWNEW
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Fosmid vectors1 provide an improved
method for cloning and stably maintain-
ing libraries of cosmid-sized (about 40
Kb) clones in E. coli. The pEpiFOS™-5
Fosmid Vector (Figure 1) provided in the
EpiFOS™ Library Production Kit is
derived from the single copy F-factor of
E. coli. Thus, the cosmid-sized clones
produced using pEpiFOS-5 are propa-
gated as a single copy.  Low copy num-
ber has been shown to improve clone
stability compared to high copy cosmid
clones. In addition, pEpiFOS-5  contains
cos sites for cos site-mediated lambda
phage packaging and high efficiency fos-
mid library production.  The pEpiFOS-5
vector is provided linearized and
dephosphorylated- ready for use in
library production.

The EpiFOS Fosmid Library Production
Kit provides all reagents needed to con-
struct a complete and unbiased fosmid
library in about 2 days using a novel
cloning strategy (Figure 2). Genomic
DNA is first sheared by passing it
through a syringe needle (not supplied
with the kit). Shearing the DNA into
approximately 40 Kb fragments leads to
the highly random generation of DNA
fragments in contrast to more biased
libraries that result from fragmenting the
DNA by partial restriction endonuclease
digestion. The sheared DNA is then end-
repaired to generate blunt ends, using
reagents supplied in the kit and size-
selected using low melting point agarose

gel. Finally, the size-selected DNA is lig-
ated into the supplied linearized and
dephosphorylated pEpiFOS-5 Fosmid
Vector, packaged using ultra-high effi-
ciency packaging extracts (>109 pfu/µg
for phage lambda), also included in the
kit, and plated on the supplied EPI100™
E. coli plating cells. The result is a com-
plete and unbiased primary fosmid
library.

EpiFOS Fosmid Library Production Kit
provides:
• Stable unbiased genomic libraries with
single-copy clones averaging about 
40 Kb in size.

• Reagents for 10 cloning and packaging
reactions.

• High efficiency packaging extracts to
maximize the number of clones pro-
duced.

References
1. Kim, UJ. et al. (1992) Nucl. Acid Res. 20:1083. 

2. Birren, B. et al. (1999) Construction of Bacterial
Genomic Libraries in Genome Analysis: A
Laboratory Manual v.3, 24.

Produce Unbiased Libraries
of Single Copy Cosmid-Sized Clones

Using the EpiFos™ Fosmid Library Production Kit

EpiFOS™ Fosmid Library Production Kit

FOS0901 1 Kit
10 Reactions

Contents:

Kit includes pEpiFOS™-5* Fosmid Vector,
End-repair Enzyme Mix, End-repair 10X
Buffer, dNTP Mix, Fast-Link™ DNA Ligase,
Fast-Link™ 10X Ligation Buffer, ATP
Solution, GELase™ Gel-digesting
Preparation, GELase™ 50X Reaction
Buffer, MaxPlax™ Lambda Packaging
Extracts, Ligated Lambda Control DNA,
Control DNA, EPI100™ Plating strain,
Control Lambda Plating strain.

pEpiFOS™-5 Forward Sequencing Primer
F5FP010 1 nmole 50 µM

pEpiFOS™-5 Reverse Sequencing Primer
F5RP011 1 nmole 50 µM

* pEpiFOS™-5 is exclusively licensed by EPICENTRE
Technologies.

M 1 2 3 4 5 6

Figure 3. Gel analysis of three Not I-digested 
fosmid clones (even numbered lanes) from an
environmental soil fosmid library produced 
using the EpiFOS Fosmid Library Production Kit.

Package &
Titer

ScreenPurify Genomic
DNA

Randomly Shear &
End-Repair DNA 

Isolate DNA of Correct Size
Optional: Concentrate Sample

Cloning -Ready
pEpiFOS-5

Perform In-Gel
Ligation

Figure 2. The process for preparing a complete and unbiased fosmid library using the EpiFOS™ Fosmid
Library Production Kit. Cloning randomly sheared genomic DNA fragments results in a complete and
unbiased fosmid library. The EpiFOS Fosmid Library Production Kit provides all necessary reagents
(except for genomic DNA). 
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Figure 1. Map of pEpiFOS™-5 Fosmid Vector.
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The FailSafe™ PCR System combines a
unique blend of high fidelity ther-
mostable enzymes with an extensively
tested set of FailSafe PCR PreMixes to
provide a new standard for PCR per-
formance and reliability. The FailSafe
System gives consistent amplification of
any template up to about 20 Kb in
length, even difficult templates, such as
those with high GC content or second-
ary structure, and multiplex PCR reac-
tions. This powerful system will solve all
of your PCR problems.

FailSafe PCR is an easy 3-step process
Step 1
Perform PCR with your template and
primers using the FailSafe PCR PreMix
Selection Kit.

Step 2
Select the FailSafe PCR PreMix that pro-
vides the best amplification.

Step 3
Use the selected PreMix with the
FailSafe PCR Enzyme Mix for consistent
amplification of your template/primer
pair.

Use these three steps for each template/
primer pair you wish to amplify.

Obtain the highest levels of accuracy
with no loss in sensitivity
The FailSafe PCR Enzyme Mix contains a
3’-5’ proofreading enzyme that delivers
fidelity at least three times higher than
Taq DNA polymerase.

Amplify templates at least 20 Kb in
length
Amplification of long templates used to
require tedious, repetitive rounds of
optimization. The FailSafe PCR System
can easily amplify templates up to about
20 Kb. (Use the MasterAmp™ Extra Long
PCR Kit for templates greater than 20
Kb.)

Get successful multiplex amplification
on the first try with the FailSafe
System

Easily amplify GC-rich templates
Templates with > 80% GC content are
successfully and consistently amplified
using the FailSafe PCR System.

The FailSafe PCR System has 
already solved many difficult PCR
amplifications
See the back cover to learn what
researchers using the FailSafe PCR
System are telling us, then view more
benefits and applications of the FailSafe
System in EPICENTRE Forums 7:2, 7:3
and 7:4 that are archived on our website 
(www.epicentre.com).
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Whatever the Template,
You Will Never Fail at PCR Again. We Promise.

Expand™ High
Fidelity 

LA Taq™

rTth DNA 
Polymerase, XL

FailSafe™ PCR 
Enzyme Mix

AmpliTaq™

MasterAmp™ Taq

PCR Mutation Frequency (Lower
value represents higher fidelity.) 

Fidelity of FailSafe™ PCR Enzyme Mix compared
to enzymes from other suppliers. Mutation 
frequency per 106 basepairs.

Errors per 106 basepairs
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FailSafe™ PCR 2X PreMix

Amplification of a wide range of sequence sizes
from different sources using the FailSafe™ PCR
System. The results using the optimal FailSafe™
PCR PreMix determined for each set of reactions
is shown. M, 5 Kb ladder.

Lambda Human E. coli

FailSafe™ PCR PreMix Selection Kit
FS99060 60 Units

Contents:

60 units FailSafe™ PCR Enzyme Mix and
12 FailSafe™ PCR 2X PreMixes.

FailSafe™ PCR Enzyme Mix

FS99100 100 Units
Choice of 1FailSafe™ PCR 2X PreMix included 
(2.5 ml each)

FS99250 250 Units
Choice of 2 FailSafe™ PCR 2X PreMixes included 
(2.5 ml each)

FS9901K 1000 Units
Choice of 4 FailSafe™ PCR 2X PreMixes included 
(2.5 ml each)

High sensitivity multiplex PCR amplification of
five exons of CFTR from as little as 1 ng of
human genomic DNA using the FailSafe System.

CFTR 5 Band Multiplex

Human
Genomic
DNA

M 0 1 10 50 100 ng

Amplification of an 80-85% GC-rich region of
the human fragile X gene from 4 individuals was
performed using FailSafe™ PCR PreMix J which
was found to be optimal. M, 100 bp ladder. Note
that because the number of CGG repeats varies
among different individuals, the size of the result-
ing PCR product varies.

M 1       2       3      4

500

400

300

200

bp

Individuals






