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TOPO® Tools Procedure for Experienced Users

Introduction This quick reference sheet is provided for experienced users of the TOPO® Tools
procedure. If you are performing the TOPO® Tools procedure for the first time,
we recommend that you follow the detailed protocols provided in the manual.

Step Action

Design PCR Primers • Include the 11 base pair sequences necessary for directional TOPO®

Joining on the 5′ end of the forward and reverse primers.

• Design the primers such that your gene of interest will be linked properly
with TOPO® Tools elements containing epitope or fusion tags, if desired.

Amplify Your Gene of
Interest

1. Use a high yield, high fidelity, thermostable DNA polymerase and the
PCR primers above to amplify your gene of interest. Follow the
manufacturer’s instructions for the polymerase you are using to set up
the PCR reaction. Use the cycling parameters suitable for your primers
and template.

2. Use agarose gel electrophoresis to verify the integrity and estimate the
concentration of your PCR product.

Perform the TOPO®

Joining Reaction
1. Set up the following TOPO® Joining reaction using a 1:2:1 molar ratio of

TOPO® Tools 5′ element:PCR product:TOPO® Tools 3′ element:

TOPO® Tools 5′ element 1 µl

Your PCR product 2 µl

TOPO® Tools 3′ element 1 µl

250 mM Tris-HCl, pH 7.5                     1 µl

Total volume 5 µl

2. Mix gently and incubate for 5 minutes at room temperature.

3. Place on ice and proceed to amplify the linear DNA template, below.

Amplify the Linear DNA
Template

1. Use a high yield, high fidelity, thermostable DNA polymerase and the
element specific primers included with the TOPO® Tools element kits to
amplify the linear DNA template (use half of the volume of the TOPO®

Joining reaction). Follow the manufacturer’s instructions for the
polymerase you are using to set up the PCR reaction. Use the cycling
parameters suitable for your primers and template.

2. Use agarose gel electrophoresis to verify the integrity and estimate the
concentration of your PCR product.

3. Use the protocol on page 30 to purify and concentrate the linear DNA
construct, if needed.

Control Reaction We recommend using the CAT control PCR template and the CAT control PCR
primers included with each TOPO® Tools kit to perform the control reaction. See
the protocol on pages 27-29 for instructions.
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General Information

TOPO® Tools
Technology
Manual

This manual is available with each TOPO® Tools product. For details about the
reagents supplied with each product, shipping and storage conditions, and
application-specific usage, please refer to the specific manual for each TOPO®

Tools product.

TOPO® Tools
Products

A large selection of TOPO® Tools products are available from Invitrogen to allow
you to produce customized linear DNA constructs containing your PCR-amplified
gene of interest for use in various molecular biology applications. For more
information about the many TOPO® Tools products available, please see our
World Wide Web site (www.invitrogen.com) or call Technical Service (see
page 31).

Accessory
Products

The table below lists reagents available from Invitrogen that may be used with
any of the TOPO® Tools products to facilitate amplification and purification of
your PCR products and the TOPO® Joined linear DNA constructs. Ordering
information for these reagents is provided below. For information about reagents
that may be used with specific TOPO® Tools products, please refer to the manual
for each product.

Item Quantity Catalog no.

100 units 11304-011PLATINUM® Taq DNA Polymerase High
Fidelity 500 units 11304-029

ThermalAce™ DNA Polymerase 200 units E0200

1000 units E1000

S.N.A.P.™ MiniPrep Kit 25 reactions K1900-25

100 reactions K1900-01

1.2% E-Gels® 9 gels (Starter
Pak)

G5000-01

18-Pak G5018-01

54-Pak G5054-01

90-Pak G5090-01

1 Kb Plus DNA Ladder 250 µg 10787-018

Ready-Load™ 1 Kb Plus DNA Ladder™ 100 applications 12308-011

http://www.invitrogen.com/
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Introduction

Overview

Introduction TOPO® Tools technology utilizes the unique properties of vaccinia DNA
topoisomerase I to mediate rapid, directional joining (“TOPO® Joining”) of PCR
products to a choice of 5′ and 3′ functional elements. TOPO® Joining your PCR
product to the appropriate TOPO® Tools 5′ and 3′ elements creates a linear DNA
template that can be PCR-amplified to generate a functional linear DNA
construct. This linear DNA construct may be used directly in the appropriate
application without the need for additional cloning or transformation steps.
Depending on the 5′ and 3′ elements chosen, you can use the same PCR product
in a choice of different gene analysis applications including expression studies,
RNA probe generation, and protein function determination. In addition, the
flexibility and ease-of-use of the TOPO® Tools technology makes it especially
suitable for adaptation to high-throughput (HTP) formats.

Purpose of this
Manual

This manual provides an overview of the TOPO® Tools technology and provides
instructions and guidelines to:

1. Design PCR primers and amplify your sequence of interest

2. Select the application of choice and TOPO® Join your PCR product to the
appropriate TOPO® Tools 5′ or 3′ elements to create a linear DNA template

3. Amplify the linear DNA template to generate a linear DNA construct
suitable for use in the appropriate application

For details about a particular TOPO® Tools 5′ or 3′ element and information
relating to using the linear DNA construct in a particular TOPO® Tools
application, please refer to the manual for the specific TOPO® Tools element or
application. All of the manuals for TOPO® Tools products are available for
downloading from our World Wide Web site (www.invitrogen.com) or by
contacting Technical Service (see page 31).

http://www.invitrogen.com/
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How Directional TOPO® Joining Works

How
Topoisomerase I
Works

DNA topoisomerase I from Vaccinia virus binds to double strand DNA at specific
sites and cleaves the phosphodiester backbone after 5′-CCCTT in one strand
(Shuman, 1991). The energy from the broken phosphodiester backbone is conserved
by formation of a covalent bond between the 3′ phosphate of the cleaved strand and
a tyrosyl residue (Tyr-274) of topoisomerase I. The phospho-tyrosyl bond between
the DNA and enzyme can subsequently be attacked by the 5′ hydroxyl of the
original cleaved strand, reversing the reaction and releasing topoisomerase
(Shuman, 1994). This results in religation of the cleaved strand. TOPO® Joining
exploits this reaction to join PCR products to TOPO® Tools 5′ or 3′ elements.

Directional TOPO®

Joining
The TOPO® Tools technology is based on directional topoisomerase-I-mediated
joining of double-strand DNA as originally described by Cheng and Shuman, 2000.
With TOPO® Tools technology, this concept has been modified to:

• Facilitate efficient, directional TOPO® Joining by adding a specific 6 nucleotide
overhang sequence to the 5′ end of each TOPO®-charged 5′ or 3′ element. A
6 base pair sequence that is complementary to the 6 base pair overhang on the
TOPO®-charged element is also added to each end of the PCR product of
interest.

• Allow efficient ligation of double-strand, linear DNA by adding a topoiso-
merase I recognition site (CCCTT) to each end of the PCR product directly
following the 6 base pair overhang sequence.

When the PCR product of interest is mixed with the TOPO®-charged 5′ and
3′ elements, the topoisomerase I binds to the topoisomerase recognition sites on
either end of the PCR product and creates a single-strand nick. This creates a
6 base pair overhang on each end of the PCR product that is complementary to the
6 base pair overhang in the TOPO®-charged element. The topoisomerase I then
joins the compatible ends.
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TOPO® Tools Technology

Major
Components

To use the TOPO® Tools technology, you will need the following:

• A PCR product(s) of interest containing the appropriate ends to allow
efficient, directional topoisomerase-mediated joining. You will generate this
PCR product according to instructions and guidelines provided in this
manual (see below and pages 6-13).

• Your choice of TOPO®-adapted 5′ and 3′ elements specific for the application
of interest. Each element of choice is supplied in its respective TOPO® Tools
Kit.

Designing PCR
Primers and
Amplifying the
Gene of Interest

To begin the TOPO® Tools procedure, you will:

1. Design PCR primers containing specific 11 base pair sequences necessary to
facilitate efficient, directional TOPO® Joining of the PCR product to the
TOPO® Tools 5′ and 3′ elements.

2. Use the PCR primers and a thermostable polymerase to produce a PCR
product containing the specific 11 base pair sequences on each end (see
figure below).

Note: Adding the 11 base pair sequences to the ends of your PCR product allows
you to use your PCR product in any TOPO® Tools application.

����������

 ��!��������������

�����
������������

�������������������������������������
�������������������������������������

continued on next page
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TOPO® Tools Technology, continued

TOPO® Joining
Your PCR Product
and the 5′′′′ and 3′′′′
Elements

Once you have produced your PCR product containing the appropriate ends,
you will perform the TOPO® Joining reaction. Simply mix the PCR product and
the TOPO® Tools 5′ and 3′ elements of choice and incubate at room temperature
for 5 minutes to obtain a linear DNA template (see figure below). The TOPO®

Tools 5′ and 3′ elements are adapted with topoisomerase I to allow rapid ligation
of the PCR product to each element. For more information about directional
TOPO® Joining, please see page 2.
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Generating the
Linear DNA
Construct

Finally, you will use the linear DNA template and appropriate element specific
primers included with each TOPO® Tools Kit in a second PCR reaction to
generate the linear DNA construct (see figure below). The linear DNA construct
may then be used directly for functional analysis.
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Experimental Outline

Experimental
Outline

The table below describes the major steps necessary to generate a linear DNA
construct using the TOPO® Tools procedure. Please refer to the specified pages
for details to perform each step.

Step Action Page

1 Design PCR primers with the appropriate sequence to
allow linkage of your PCR product to the TOPO® Tools 5′
or 3′ elements of choice.

6-9

2 Amplify your gene of interest with a thermostable
polymerase.

10-11

3 Verify the integrity and concentration of your PCR product. 12-13

4 TOPO® Join your PCR product to the TOPO® Tools 5′ or 3′
elements to create a linear DNA template.

14-15

5 Amplify your linear DNA template with a thermostable
polymerase to generate a linear DNA construct.

16-17

6 Verify the integrity and concentration of the linear DNA
construct.

17-19

7 Use your linear DNA construct for functional analysis. 20
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Methods

Designing PCR Primers

Introduction To begin the TOPO® Tools procedure, you will need to design PCR primers to
amplify your gene of interest. Guidelines to design PCR primers are provided
below.

Factors to
Consider

The design of the PCR primers to amplify your gene of interest is critical for
proper linking of the PCR product and the TOPO® Tools 5′ or 3′ elements. Please
consider the following points when designing your PCR primers:

• Sequences required to facilitate directional TOPO® Joining (see below).

• Sequences required for proper expression of the PCR product. This will
depend on the specific element and application. For more information, see the
next page and the manual for each element or application.

• Whether or not you wish to clone your PCR product in frame with any
peptide tags or fusion proteins. This will depend on the specific element and
application. For more information, see the next page and the manual for each
element or application.

Requirements for
Directional TOPO®

Joining

To enable efficient, directional TOPO® Joining to occur, the 5′ ends of your
forward and reverse PCR primers MUST contain a specific 11 base pair
sequence consisting of the following:

• A six base pair sequence that base pairs with the overhang sequence on the
TOPO®-adapted 5′ or 3′ element. The six base pair sequence facilitates
directional TOPO® Joining and differs for the forward (CGGAAC) and
reverse primer (TGAGTC). See the boxed sequences in the table below for
the sequences required for the forward and reverse primers.

• A five base pair sequence (AAGGG) that is complementary to the
topoisomerase I recognition site (CCCTT) to allow topoisomerase to bind to
the PCR product and create the proper overhang. This sequence should
directly follow the six base pair sequence (see the underlined sequences in
the table below).

To summarize, add the 11 base pair sequence below to the 5′ end of your PCR
primers. The six base pair overhang sequence is boxed and the sequence
complementary to the topoisomerase I recognition site is underlined.

PCR Primer 11 Base Pair Sequence

Forward 5′-CGGAACAAGGG-3′

Reverse 5′-TGAGTCAAGGG-3′

continued on next page
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Designing PCR Primers, continued

Requirements for
Proper Expression

• If you wish to express your gene of interest in mammalian cells and are using
a TOPO® Tools 5′ element that does not create a fusion protein, we
recommend that your insert contain a Kozak sequence with an ATG initiation
codon for proper initiation of translation (Kozak, 1987; Kozak, 1991; Kozak,
1990). Alternatively, you may design the forward PCR primer to contain a
Kozak sequence at the 5′ end of the primer (see page 9 for an example).

Note: An example of a Kozak consensus sequence is (G/A)NNATGG. Please
note that other sequences are possible, but the G or A at position -3 and the G
at position +4 are the most critical for function (shown in bold). The ATG
initiation codon is shown underlined.

• If you wish to link your gene of interest to a TOPO® Tools element that does
not contain a peptide tag or if you do not wish to include a peptide tag, be
sure that your insert contains a stop codon. If your insert does not contain a
stop codon, you may design your reverse primer to include the sequence
coding for a stop codon. An example is shown on page 9.

• If you wish to fuse your gene of interest to a peptide tag, see below.

Requirements for
Adding a Peptide
Tag

Some TOPO® Tools elements provide the option of adding a peptide tag to your
gene of interest to allow detection of your recombinant protein. If you wish to
include the peptide tag:

• Design your primer such that your protein is linked in frame with the
peptide tag. Please refer to the diagram included in the manual for each 5′ or
3′ element to help you design your primers.

• Remove the stop codon (if you are linking the PCR product to a C-terminal
peptide tag).

Examples are shown on the next page and page 9.

 continued on next page
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Designing PCR Primers, continued

����

If you design your primers such that the first three base pairs following the six
base pair overhang and the topoisomerase recognition site encode a functional
codon, your PCR product will automatically be linked in frame with any peptide
or fusion tags in the TOPO® Tools 5′ or 3′ elements.

Example: We are designing a reverse PCR primer to allow TOPO® Joining of the
PCR product to the TOPO® Tools V5 BGH pA 3′ Element in frame with the V5
epitope tag on the element.

1. In this example, the sequence of the C-terminus of the protein is:

…GCG GTT AAG TCG GAG CAC TCG ACG ACT GCA TAG-3′′′′

where the stop codon is underlined.

2. To fuse the gene of interest in frame with the V5 epitope in the V5 BGH pA
3′ element, remove the stop codon by starting with nucleotides homologous
to the last codon (TGC). The last codon (TGC) should directly follow the
11 base pair sequence required for TOPO® Joining. The reverse primer will
be:

5′′′′-TGAGTCAAGGG TGC AGT CGT CGA GTG CTC-3′′′′

When TOPO® Joined to the V5 BGH pA 3′ Element, the PCR product will be in
frame with the V5 epitope tag (see figure below).
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continued on next page
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Designing PCR Primers, continued

More Examples of
Primer Design

The example below uses a theoretical protein and is for illustration purposes only.
In this case, we are designing PCR primers to link the PCR product to the TOPO®

Tools PCMV 5′ Element and the TOPO® Tools V5-His BGH pA 3′ Element. The V5-
His BGH pA 3′ element includes a peptide containing the V5 epitope and a
polyhistidine (6xHis) tag. In this example, the N-terminus of the protein is
encoded by:

5′′′′-ATG GCC CCC CCG ACC GAT GTC AGC CTG GGG GAC GAA…
1. Design the forward PCR primer to be:

5′′′′-CGGAACAAGGG ATG GCC CCC CCG ACC GAT-3′′′′
where the boxed sequence corresponds to the 11 base pair sequence required
for proper TOPO® Joining and the underlined ATG is the initiation codon
within the context of a Kozak consensus sequence.

2. For the reverse primer, analyze the C-terminus of the protein. The stop codon
is underlined.

…GCG GTT AAG TCG GAG CAC TCG ACG ACT GCA TAG-3′′′′
3. To fuse the gene of interest in frame with the V5 epitope and 6xHis tag in the

V5-His BGH pA 3′ Element, remove the stop codon by starting with
nucleotides homologous to the last codon (TGC) and continue upstream. The
reverse primer will be:

5′′′′-TGAGTCAAGGG TGC AGT CGT CGA GTG CTC-3′′′′
where the boxed sequence corresponds to the 11 base pair sequence required
for proper TOPO® Joining. This will amplify the C-terminus without the stop
codon and allow you to link the gene of interest in frame with the V5 epitope
and 6xHis tag.

4. If you don’t want the C-terminal peptide containing the V5 epitope and 6xHis
tag, simply begin with the stop codon:

5′′′′-TGAGTCAAGGG CTA TGC AGT CGT CGA GTG CTC-3′′′′
where the boxed sequence corresponds to the 11 base pair sequence required
for proper TOPO® Joining and the underlined CTA corresponds to the
nucleotides homologous to the stop codon.

����	�
��
• To obtain consistent and efficient results in the TOPO® Joining reaction,

we highly recommend that you use HPLC-purified oligonucleotides to
produce your PCR products. Using a mixture of full-length and non full-
length primers to produce your PCR products can reduce the efficiency of
TOPO® Joining and result in poor yield of the linear DNA construct after
secondary amplification. Once you have obtained your HPLC-purified
oligonucleotides, we also recommend that you use polyacrylamide gel
electrophoresis to verify the length of your oligonucleotides. We generally
use 15% Novex® TBE-Urea gels (Catalog no. EC6875)

• Do not add 5´ phosphates to your primers for PCR. This will prevent
TOPO® Joining.
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Amplifying Your Sequence of Interest

Introduction Once you have decided on a PCR strategy and have synthesized the primers, you
are ready to produce your PCR product. General guidelines and instructions to
produce your PCR product are provided in this section.

Choosing a
Thermostable
Polymerase

You may use any thermostable DNA polymerase including PLATINUM® Taq DNA
Polymerase High Fidelity, ThermalAce™, or PLATINUM® Pfx to produce your PCR
product. We recommend choosing a thermostable DNA polymerase that
provides a high yield of PCR product as well as high fidelity amplification (see
below). We generally use PLATINUM® Taq DNA Polymerase High Fidelity to
generate our PCR product (see page vii for ordering information).

����	�
��
We typically use the same thermostable DNA polymerase to amplify both the
gene of interest and the linear DNA template after TOPO® Joining. Because the
amplified linear DNA construct is used directly in the application of choice
without additional cloning steps, it is important to use a thermostable DNA
polymerase which provides a high yield of PCR product (e.g. PLATINUM® Taq
DNA Polymerase High Fidelity). Although it is important to use a DNA
polymerase that will amplify your DNA sequence of interest with high fidelity,
using a DNA polymerase that provides maximum yield is preferred.

Producing PCR
Products

Follow the manufacturer’s instructions and recommendations for the DNA
polymerase you are using to produce your PCR product. We recommend
optimizing PCR conditions to obtain both a single, discrete PCR product and
maximum yield. The PCR Optimizer™ Kit (Catalog no. K1220-01) is available from
Invitrogen to help you optimize your PCR. Please note that you will use similar
PCR conditions in the secondary amplification step to produce your linear DNA
construct (see pages 16-17). To ensure successful generation of your linear DNA
construct, we highly recommend optimizing your PCR conditions at this stage.

Producing PCR
Products in High-
Throughput
Format

The TOPO® Tools technology can easily be adapted to allow rapid generation of
linear DNA constructs in a high-throughput (HTP) format. You may amplify
your sequences of interest, link them to TOPO® Tools 5′ and/or 3′ elements, and
perform the secondary amplification reaction in 96-well plates. Although some
optimization of PCR conditions is recommended, this may not be possible
depending on your HTP needs and is not required. For guidelines to perform
amplification and TOPO® Joining in HTP format, please see pages 21-22.

�
�
�
�

�
�����	


�
�

We recommend amplifying the CAT control template included with the TOPO®

Tools kit in parallel with your sample. Use the 5′ and 3′ CAT control primers
included with the kit and the protocol on pages 26-27 to amplify the CAT control
template. The resulting CAT control PCR product may then be used as a positive
control for TOPO® Joining and secondary amplification.

continued on next page
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Amplifying Your Sequence of Interest, continued

Materials Supplied
by the User

You will need the following reagents and equipment for PCR:

• Thermocycler

• Thermostable DNA polymerase

• 10X PCR buffer (included with your polymerase)

• MgSO4 (included with your polymerase, if needed)

• 40 mM dNTP mix (10 mM each of dATP, dCTP, dGTP, dTTP)

• DNA template and PCR primers to amplify your gene of interest

Setting Up the
PCR Reaction

The protocol provided below allows you to amplify your gene of interest using
PLATINUM® Taq DNA Polymerase High Fidelity. Use less DNA if you are using a
plasmid for template and more DNA if you are using genomic DNA as a
template. Note: If you are using a different thermostable DNA polymerase,
reaction conditions may vary.

1. Set up the following 100 µl PCR reaction:

DNA Template 10-100 ng

10X PCR Buffer 10 µl

50 mM MgSO4 4 µl

40 mM dNTP Mix 2 µl

Forward PCR Primer (100 ng/µl) 2 µl

Reverse PCR Primer (100 ng/µl) 2 µl

Sterile water add to a final volume of 83 µl

PLATINUM® Taq High Fidelity (5 units/µl)           1 µl

Total Volume 100 µl

2. Use the cycling parameters suitable for your primers and template. Be sure to
include at least a 10-30 minute extension at 68°C after the last cycle to ensure
that all PCR products are full-length.

3. After cycling, place the tube on ice or store at -20°C for up to 2 weeks.
Proceed to Checking the PCR Product, next page.

 continued on next page
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Amplifying Your Sequence of Interest, continued

Checking the PCR
Product

Remove 5 to 10 µl from the amplification reaction and analyze by ethidium
bromide agarose gel electrophoresis to verify the quality and quantity of your
PCR product. We recommend checking for the following:

• A single discrete band of the expected size corresponding to your gene of
interest. If you do not obtain a single, discrete band, follow the manufacturer’s
recommendations or use the PCR Optimizer™ Kit (Catalog no. K1220-01) from
Invitrogen to help you optimize the PCR conditions using your DNA
polymerase. Other tips may also be found on pages 23-24 or in published
reference sources (Innis et al., 1990). Alternatively, you may gel-purify the
desired product (see Gel-Purifying the PCR Product, next page).

• Estimate the concentration of your PCR product. For TOPO® Joining, we
recommend using a 1:2:1 molar ratio of TOPO® Tools 5′ element:PCR
product:TOPO® Tools 3′ element to obtain the highest joining efficiency. In
general, the concentration of the PCR product should be approximately 2-3
fold higher than the concentration of the TOPO® Tools element, although this
will vary depending on the size of your PCR product (see below for an
example). You may need to adjust the concentration of your PCR product
before proceeding to TOPO® Joining. If your PCR product is too dilute, see
Concentrating Dilute PCR Products, next page.

Once you have verified that your PCR product is of the appropriate quality and
concentration, proceed to Performing the TOPO® Joining Reaction, page 14.

Example The following example uses theoretical elements and is for illustration purposes
only. To link the elements below, we would use approximately the following
amounts of each element in a TOPO® Joining reaction to obtain the optimal 1:2:1
molar ratio of TOPO®-adapted 5′ element:PCR product:TOPO®-adapted 3′
element.

Element Size of Element Amount of DNA Concentration

TOPO®-adapted 5′ element 700 bp 75 ng 75 ng/µl

PCR product 700 bp 150 ng 75 ng/µl

TOPO®-adapted 3′ element 350 bp 38 ng 38 ng/µl

 continued on next page
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Amplifying Your Sequence of Interest, continued

Gel-Purifying the
PCR Product

If you obtain multiple bands from your PCR, you may gel-purify your desired PCR
product using any method of choice. Take special care to avoid sources of nuclease
contamination and long exposure to UV light. We have found that the yield of
purified PCR product obtained after gel purification is generally low and may be
too dilute to use for efficient TOPO® Joining to a TOPO®-adapted 5′ or 3′ element.
In this case, we usually perform several PCR reactions, gel-purify the desired PCR
product, and pool the purified PCR product. We then apply the pooled PCR
product to a resin-based column (e.g. S.N.A.P.™ MiniPrep column; see page 30 for
a protocol) and concentrate the purified PCR product. The concentration of the
resulting PCR product is generally suitable for use in a TOPO® Joining reaction.

Note: The efficiency of TOPO® Joining a PCR product purified in this manner to
TOPO® Tools elements may be reduced.

Concentrating
Dilute PCR
Products

If you obtain a single band from PCR, but your PCR product is too dilute, you
may purify and concentrate the PCR product before proceeding to the TOPO®

Joining reaction. We generally use the resin-based S.N.A.P.™ MiniPrep Kit
(Catalog no. K1900-25) to rapidly purify and concentrate PCR products. A
protocol to purify and concentrate PCR products using the S.N.A.P.™ MiniPrep
Kit is provided in the Appendix, page 30.
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Performing the TOPO® Joining Reaction

Introduction Once you have produced your PCR product, you will use TOPO® Joining to link
the PCR product to the TOPO® Tools 5′ and 3′ elements. Before performing the
TOPO® Joining reaction, you should have everything you need set up and ready
to use to ensure that you obtain the best possible results. If this is the first time
you have TOPO® Joined, you may want to perform the control TOPO® Joining
reaction (see pages 27-29) in parallel with your samples. To perform the control
TOPO® Joining reaction, use the CAT control PCR product (see pages 26-27).

Reminder For optimal TOPO® Joining efficiency, make sure that your PCR product is of the
appropriate quality and concentration before proceeding (see pages 12-13).
Remember to use a 1:2:1 molar ratio of TOPO®-adapted 5′ element:PCR
product:TOPO®-adapted 3′ element in the TOPO® Joining reaction.

����

It is possible to TOPO® Join your PCR product to only a TOPO® Tools 5′ Element
or a TOPO® Tools 3′ Element. If you wish to TOPO® Join your PCR product to
only one TOPO® Tools Element, use a 2:1 molar ratio of PCR product:TOPO®-
adapted element. Set up the TOPO® Joining reaction as described on the next page
except adjust the volume of the reaction to the appropriate amount using sterile
water.

����	�
��
The efficiency of TOPO® Joining decreases as the overall size of the linear DNA
template (TOPO® Tools 5′ element + PCR product + TOPO® Tools 3′ element)
increases. We generally obtain efficient TOPO® Joining and secondary
amplification with linear DNA templates ranging from 2 to 6 kb. Since the TOPO®

Tools 5′ and 3′ elements range in size from less than 0.1 to 1 kb each, you may
observe reduced TOPO® Joining efficiency when using PCR products greater than
4.5 kb.

Materials Needed You will need to have the following reagents on hand before beginning:

• TOPO® Tools 5′ Element (store on ice immediately before use)

• TOPO® Tools 3′ Element (store on ice immediately before use)

• 250 mM Tris, pH 7.5 (supplied with the TOPO® Tools kit)

• Your PCR product

 continued on next page
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Performing the TOPO® Joining Reaction, continued

Performing the
TOPO® Joining
Reaction

1. Set up a 5 µl TOPO® Joining reaction using the following reagents in the order
given.

TOPO® Tools 5′ element 1 µl

Your PCR product 2 µl

TOPO® Tools 3′ element 1 µl

250 mM Tris-HCl, pH 7.5                            1 µl

Total Volume 5 µl

Note: You may vary the total volume of the TOPO® Joining reaction from 5 µl
to 10 µl if your PCR product is more dilute (i.e. the volume of the PCR product
may range from 2 µl to 7 µl). Do not vary the amounts of the TOPO® Tools 5′′′′
or 3′′′′ elements or the 250 mM Tris-HCl, pH 7.5 from those specified above.

2. Mix reaction gently and incubate for 5 minutes at room temperature (22-23°C).

Note: In general, a 5 minute incubation will yield a sufficient amount of TOPO®

Joined linear product to use as a template for secondary amplification.
Depending on the size of the TOPO® Tools 5′ and 3′ elements and your PCR
product, the length of the TOPO® Joining reaction can be varied from 5 minutes
to 15 minutes. You may increase the length of the TOPO® Joining reaction as
the length of the linear DNA template increases. However, incubating the
TOPO® Joining reaction for longer than 15 minutes does not increase the
efficiency of TOPO® Joining.

3. Place the reaction on ice and proceed to Performing Secondary Amplification,
next page.

����	�
��
The TOPO® Joining reaction is a reversible reaction. For optimal production of the
linear DNA construct, we recommend proceeding directly to the secondary
amplification reaction. Do not store the TOPO® Joining reaction.
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Performing Secondary Amplification

Introduction Once you have performed the TOPO® Joining reaction, you will use element
specific primers to amplify the resulting linear DNA template to produce your
linear DNA construct. Guidelines to perform secondary amplification are
provided in this section.

����	�
��
You may use any thermostable DNA polymerase to produce your linear DNA
construct. However, it is important that you obtain an optimal yield of PCR
product from the secondary amplification reaction since you will be using the
linear DNA construct directly in your downstream application (e.g. transfection
into mammalian cells). We generally use the same thermostable DNA
polymerase to perform secondary amplification as we use to amplify the gene of
interest (i.e. PLATINUM® Taq DNA Polymerase High Fidelity). PLATINUM® Taq
DNA Polymerase High Fidelity provides high yields of PCR product as well as
high fidelity amplification (see page vii for ordering information).

We generally use PCR conditions to amplify the linear DNA template that are
similar to those used to amplify the gene of interest, although conditions are
adjusted to account for the different PCR primers used (see the next page for
more information). Some PCR optimization may be performed, but is generally
limited by the small amount of linear DNA template available.

Element Specific
Primers

To amplify the linear DNA template, you will use a 5′ and a 3′ element specific
PCR primer. The 5′ and 3′ element specific primers are included with the TOPO®

Tools 5′ or 3′ element kits. For the sequence of the element specific primers,
please refer to the manual for the particular TOPO® Tools element you are using.

Note: To use, resuspend each element specific primer in sterile water to a
concentration of 100 ng/ml.

Materials Supplied
by the User

You will need the following reagents and equipment for PCR:

• Thermocycler

• Thermostable DNA polymerase

• 10X PCR buffer (included with your polymerase

• MgSO4 (included with your polymerase, if needed)

• 40 mM dNTP mix (10 mM each of dATP, dCTP, dGTP, dTTP)

• 5′ element specific primer (included with each TOPO® Tools 5′ element kit)

• 3′ element specific primer (included with each TOPO® Tools 3′ element kit)

• TOPO® Joining reaction (see Step 3, page 15)

continued on next page
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Performing Secondary Amplification, continued

Producing the
Secondary PCR
Product

When amplifying the linear DNA template, we recommend the following:

• Perform the PCR reaction in a total volume of 50 µl.

• Use half of the TOPO® Joining reaction (2.5 µl) as the DNA template. Note:
You may use up to 5 µl of the TOPO® Joining reaction as the DNA template if
the volume of the TOPO® Joining reaction was 10 µl.

• Use 100 ng of each element specific primer to amplify the linear DNA
template.

• Increase the extension time in each cycle to account for the longer DNA
template. We generally increase the extension time by 1 minute per kb (e.g.
from 1 minute for a 1 kb PCR product to 2 minutes for a 2 kb PCR product).

Setting Up the
PCR Reaction

The protocol below uses PLATINUM® Taq DNA Polymerase High Fidelity to
amplify the linear DNA template. If you are using a different thermostable DNA
polymerase, reaction conditions may vary.

1. Set up the following 50 µl PCR reaction:

TOPO® Joining reaction (Step 3, page 15) 2.5 µl

10X PCR Buffer 5 µl

50 mM MgSO4 2 µl

40 mM dNTP Mix 1 µl

5′ Element specific primer (100 ng/µl) 1 µl

3′ Element specific primer (100 ng/µl) 1 µl

Sterile water add to a final volume of 37 µl

PLATINUM® Taq High Fidelity (5 units/µl)                      0.5 µl

Total Volume 50 µl

2. Use the cycling parameters suitable for your primers and template. Remember
to increase the extension time in each cycle to account for the longer template.

3. After cycling, place the tube on ice or store at -20°C. You may store the PCR
product at -20°C for up to several weeks. Note: If you do not plan to use the
PCR product immediately, you may add EDTA to a final concentration of
5 mM. Store the PCR product at room temperature.

4. Proceed to Analyzing the Linear DNA Construct, below.

Analyzing the
Linear DNA
Construct

Remove 5-10 µl from the PCR amplification reaction and use ethidium bromide
agarose gel electrophoresis to verify the quality and quantity of your PCR
product (see What You Should See, next page). Note: Bufferless, precast 1.2%
agarose E-Gels® (see page vii for ordering information) are available from
Invitrogen for fast and easy electrophoresis. For more information, please refer to
our Web site (www.invitrogen.com) or call Technical Service (see page 31).

continued on next page

http://www.invitrogen.com/
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Performing Secondary Amplification, continued

What You Should
See

When analyzing your PCR product, check for the following:

• A single, discrete band corresponding in size to the linked linear DNA
construct (5′ element + your gene of interest + 3′ element; see below for an
example). Some smaller bands may be visible, but these should not constitute
the most prominent band.

Note: If you see multiple bands of varying intensities or predominantly bands
that are smaller in size than the expected band (see page 19 for an example),
you may need to repeat the TOPO® Joining reaction (see Troubleshooting,
pages 24-25 for more information).

• A sufficient yield of linear DNA construct to allow you to proceed to your
application of choice (see example below). Refer to the manual supplied with
your TOPO® Tools element or application for more information about the
amount of linear DNA construct required for your application. If you do not
obtain a sufficient yield of PCR product, you may optimize your PCR condi-
tions or perform multiple amplification reactions and pool the PCR products.

Example of
Expected Results

In this experiment, elements of the following size were TOPO® Joined:

Element Size of Element

TOPO® Tools 5′ element 630 bp

Gene of interest 800 bp

TOPO® Tools 3′ element 340 bp

Agarose gel analysis of the secondary PCR reaction (lane 2) shows a single, prom-
inent band of the expected size corresponding to the linear DNA construct. Some
smaller, non-specific bands are visible, but these constitute minor PCR products.
From a visual comparison to the molecular weight standards (lane 1), we determine
that the amount of PCR product obtained (approximately 150 ng/µl) is sufficient for
us to proceed to the application of choice (e.g. transfection into mammalian cells).

Figure Legend:

The three elements described above
were TOPO® Joined in a 1:2:1 molar
ratio using the protocol on page 15.
2.5 µl of the TOPO® Joining reaction was
amplified using the conditions described
on page 17. 5 µl of the PCR reaction was
analyzed on a 1.2% E-Gel®.

Lane 1: 1 kb MW markers, 2 µg

Lane 2: Secondary PCR reaction

 continued on next page
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Performing Secondary Amplification, continued

Observing
Multiple Bands

If you see multiple bands of varying intensities (see example below), this generally
indicates that an insufficient amount of the linear DNA template was generated in
the TOPO® Joining reaction (i.e. inefficient TOPO® Joining reaction). If the conditions
for the TOPO® Joining reaction are not optimal, non-specific PCR products can be
produced after secondary amplification and can be more prevalent than the
expected PCR product. In this case, the amount of linear DNA construct produced is
generally insufficient to allow you to proceed to the application of choice.

See Troubleshooting, pages 24-25 for tips to increase the efficiency of the TOPO®

Joining reaction.

Example of
Suboptimal

In this experiment, elements of the following size were TOPO® Joined:

TOPO® Joining Element Size of Element

TOPO® Tools 5′ element 2 kb

Gene of interest 2.1 kb

TOPO® Tools 3′ element 0.35 kb

Agarose gel analysis of the secondary PCR reaction (lane 2) shows multiple bands,
including a faint band from the expected PCR product and more prominent
smaller bands corresponding to non-specific PCR products. An insufficient
amount of the expected PCR product was produced. In this case, the efficiency of
TOPO® Joining was suboptimal and the TOPO® Joining reaction must be
optimized and repeated. For more information on how to optimize the TOPO®

Joining reaction, see Troubleshooting, pages 24-25.

Figure Legend:

The three elements described above were
TOPO® Joined in a 1:1:1 molar ratio using the
protocol on page 15. 2 µl of the TOPO® Joining
reaction was amplified using the conditions
described on page 17. 5 µl of the PCR reaction
was analyzed on a 1.2% E-Gel®.

Lane 1: 1 kb MW markers, 2 µg

Lane 2: Secondary PCR reaction

 continued on next page
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Performing Secondary Amplification, continued

Using the PCR
Product

Once you have verified the quality and concentration of your PCR product, you
may use the linear DNA construct directly in your downstream application
without the need for additional cloning or transformation steps. Depending on
the application, you may:

• Use the PCR product directly OR

• Purify the PCR product before use

Please refer to the manual for each TOPO® Tools element or application for
guidelines to use the PCR product. If you wish to purify or concentrate the PCR
product before use, you may use the protocol in the Appendix, page 30.
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Performing the TOPO® Tools Procedure in a High-Throughput
Format

Introduction This section provides guidelines for performing the TOPO® Tools procedure in
an HTP format. For HTP applications, you may amplify your sequences of
interest, TOPO® Join them to the appropriate TOPO® Tools 5′ or 3′ elements, and
amplify the resulting linear DNA templates, all in a 96-well format. Before
proceeding, we recommend that you read through the sections entitled
Amplifying Your Sequence of Interest (pages 10-13), Performing the TOPO®

Joining Reaction (pages 14-15), and Performing Secondary Amplification
(pages 16-20) to familiarize yourself with the basic protocols.

Amplifying Your
Sequences of
Interest

Follow the guidelines below to amplify your DNA sequences in a 96-well format.
Be sure to include the CAT control template (see page 26) as a positive control for
the TOPO® Tools procedure.

1. Prepare a PCR cocktail containing 10X PCR Buffer, dNTPs, MgSO4 (if
necessary), water, and thermostable DNA polymerase. Multiply the volume of
each component by the number of reactions to be performed.

2. Into each well of a 96-well plate (Plate 1), set up a 100 µl PCR reaction
containing the PCR cocktail prepared above, PCR primers, and DNA
template.

3. Use the cycling parameters suitable for your primers, templates, and DNA
polymerase. Note: While optimization of PCR conditions is preferrable, it may
not be possible for HTP PCR and is not required. However, note that the
efficiency of TOPO® Joining may be reduced.

4. After cycling, proceed directly to the TOPO® Joining reaction, below. Note:
Agarose gel analysis of the PCR products is generally not required before
proceeding to the TOPO® Joining reaction.

Performing the
TOPO® Joining
Reaction

Use the protocol below or on the next page to perform the TOPO® Joining
reaction.

1. Into each well of a 96-well plate (Plate 2), aliquot:

TOPO® Tools 5′ element 1 µl

250 mM Tris-HCl, pH 7.5 1 µl

2. Transfer 2 µl of the PCR product from each well of Plate 1 (Step 3, above) to
Plate 2.

3. Into each well of Plate 2, add 1 µl of TOPO® Tools 3′ element.

4. Mix reaction gently by pipetting up and down. Incubate for 10 minutes at
room temperature (22-23°C).

 continued on next page
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Performing the TOPO® Tools Procedure in a High-Throughput
Format, continued

Alternative TOPO®

Joining Reaction
Protocol

An easier method to perform the TOPO® Joining reaction is provided below. Note,
however, that using this protocol may result in generation of non-specific linear
products due to TOPO® elements joining to each other.

1. Into each well of a 96-well plate (Plate 2), aliquot:

TOPO® Tools 5′ element 1 µl

TOPO® Tools 3′ element 1 µl

250 mM Tris-HCl, pH 7.5 1 µl

2. Transfer 2 µl of the PCR product from each well of Plate 1 (Step 3, Amplifying
Your Sequences of Interest, previous page) to Plate 2.

3. Mix reaction gently by pipetting up and down. Incubate for 10 minutes at
room temperature (22-23°C).

Performing
Secondary
Amplification

1. Prepare a PCR cocktail containing 10X PCR Buffer, dNTPs, MgSO4 (if
necessary), water, element specific primers, and thermostable DNA
polymerase. Multiply the volume of each component by the number of
reactions to be performed.

2. Into each well of a 96-well plate (Plate 3), add 47.5 µl of the PCR cocktail.

3. Transfer 2.5 µl of the TOPO® Joining reaction from each well of Plate 2 to
Plate 3. Gently pipet up and down to mix.

4. Use the cycling parameters suitable for your primers, templates, and DNA
polymerase. Remember to increase the extension time for each cycle to
account for the increase in template size.

5. After cycling, proceed to your application of choice or store your PCR
products at -20°C. Depending on your application, you may need to purify
your PCR products before use (see below).

Purifying PCR
Products

You may use any protocol of your choice to purify your PCR products. We
generally use the QIAvac 96 vacuum manifold and the QIAquick 96 PCR
Purification Kit (Qiagen, Valencia, CA; Catalog no. 28180) to purify PCR
products in 96-well plates.
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Troubleshooting

Introduction TOPO® Joining efficiency and PCR conditions are the two primary factors that
affect the outcome of the TOPO® Tools procedure. Please review the
information in this section to troubleshoot your experiments.

Amplifying the
Gene of Interest

The table below lists some potential problems and possible solutions that may
help you troubleshoot your PCR.

Problem Reason Solution

No PCR product Poor quality of DNA
template

Prepare new template DNA and
verify the integrity of the DNA
before proceeding.

Poor quality PCR
reagents or inactive
thermostable DNA
polymerase

Amplify the CAT control template
using the CAT control primers and
the protocol on page 27. If no PCR
product is produced, use fresh PCR
reagents and thermostable DNA
polymerase.

Suboptimal PCR
conditions

• Check the Tm of the PCR
primers and adjust your
cycling conditions.

• Optimize your PCR (see the
next page).

Low yield of PCR
product

Suboptimal PCR
conditions

Optimize PCR conditions (see the
next page for some suggestions).

Using a thermostable
DNA polymerase that
does not provide high
yields

Switch to a thermostable DNA
polymerase that provides high
yields (e.g. PLATINUM® Taq DNA
Polymerase High Fidelity).

Inactive DNA
polymerase

Use fresh thermostable DNA
polymerase.

Too few PCR cycles Increase the number of PCR cycles.

Suboptimal cycling
conditions

Optimize PCR conditions (see the
next page for some suggestions).

Contamination of DNA
template

Prepare new template DNA and
verify the integrity of the DNA
before proceeding.

Multiple non-
specific bands or
smearing

Poor quality PCR
primers

Use HPLC-purified primers to
produce your PCR product.

continued on next page
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Troubleshooting, continued

Optimizing PCR To reduce or eliminate artifacts during PCR, try the following:

• Reduce the number of PCR cycles

• Reduce the amount of template

• Increase the annealing temperature to eliminate non-specific primer
binding

• Re-design your PCR primers to have an annealing temperature >70°C

• Use hot start PCR or pre-heat the thermocycler to 94°C prior to placing your
tubes in the machine

For more information and tips for PCR optimization, please refer to published
reference sources (Ausubel et al., 1994; Innis et al., 1990).

TOPO® Joining
and Secondary
Amplification

The table below lists some potential problems and possible solutions that you
may use to help you troubleshoot the TOPO® Joining reaction and the secondary
amplification step.

Problem Reason Solution

No linear DNA construct
produced

Poor quality PCR reagents or
inactive thermostable DNA
polymerase

Perform the control reaction using the
CAT control template. If no PCR product
is produced, use fresh PCR reagents and
thermostable DNA polymerase.

No linear DNA construct
of the expected size
and/or multiple non-
specific bands

Poor or no TOPO® Joining

• Initial PCR product too
dilute

• Initial PCR product was
amplified using
phosphorylated primers

• Initial PCR product was
stored too long

• Incorrect storage of
TOPO® Tools Elements

• Concentrate the PCR product and use
a suitable molar ratio.

• Use non-phosphorylated PCR
primers and re-amplify your gene of
interest.

• Do not store the initial PCR product
for longer than 2 weeks before use.

• Perform control reaction to verify
functionality of TOPO® Tools
Elements. Do not store the TOPO®

Tools kit in a frost-free freezer.

Linear DNA template not
fresh

Do not store the TOPO® Joining reaction.
Use immediately.

Suboptimal PCR conditions Optimize PCR conditions.

Improper binding of element
specific primers to the linear
DNA template

• Check the Tm of the primers and
adjust your cycling conditions.

• Perform the control reaction.

continued on next page
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Troubleshooting, continued

TOPO® Joining and Secondary Amplification, continued

Problem Reason Solution

Low yield of linear DNA
construct

Suboptimal PCR conditions Optimize PCR conditions (see page 24 for
some suggestions).

Using a thermostable DNA
polymerase that does not
provide high yields

Switch to a thermostable DNA polymerase
that provides high yields (e.g. PLATINUM®

Taq DNA Polymerase High Fidelity).

Inactive DNA polymerase Use fresh thermostable DNA polymerase.

Low yield of linear DNA
construct of the expected
size and/or multiple
non-specific bands

Suboptimal TOPO® Joining

• Initial PCR product too
dilute

• Large size of initial
PCR product

• Concentrate the PCR product and use a
suitable molar ratio.

• Use a smaller initial PCR product for
TOPO® Joining, if possible. Try to stay
within a size range of 0.5 to 4 kb.

• Increase the incubation time of the
TOPO® Joining reaction from 5 to 15
minutes.

Linear DNA template not
fresh

Do not store the TOPO® Joining reaction.
Use immediately.

Suboptimal PCR conditions Check the Tm of the primers and optimize
PCR conditions (see page 24 for some tips).

Control Reaction If you use the CAT control template to perform the control TOPO® Joining
reaction and obtain a linear control construct of the correct size after secondary
amplification, this indicates that the TOPO® Tools elements, PCR reagents, and
DNA polymerase are functional.

If you use the CAT control template to perform the control TOPO® Joining
reaction and do not obtain the linear control construct after secondary
amplification, this could be because:

• The TOPO® Joining reaction failed.

To check the functionality of the TOPO® Tools elements, perform a TOPO®

Joining reaction. Instead of proceeding to secondary amplification, extract
the reaction with phenol/chloroform to remove the proteins. Then, run the
sample on an agarose gel to check for the presence of linear DNA template
of the expected size.

• The amplification reaction failed.

Make sure that you are using the correct primers and cycling conditions as
specified on page 28. If your PCR reagents or DNA polymerase are non-
functional, repeat the reaction using fresh PCR reagents and DNA
polymerase.
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Appendix

CAT Control Template

Description The CAT control template and the 5′ and 3′ CAT control PCR primers are supplied
with the TOPO® Tools kit to allow generation of a control PCR product for use in
the control TOPO® Joining reaction (see the next page). The CAT control template
encodes the chloramphenicol acetyltransferase open reading frame (CAT ORF). For
instructions to use the CAT control template for amplification and TOPO® Joining,
see pages 27-28.

Note: Some TOPO® Tools products may not include the CAT control template and
the 5′ and 3′ CAT control PCR primers.

Sequence of the
CAT Control
Template

The figure below lists the expected sequence of the CAT control template after
amplification with the 5′ and 3′ CAT control primers. The 11 base pair sequences
that will be added to the 5′ and 3′ ends of the PCR product to allow TOPO®

Joining are shown in bold. The sequence of the CAT control template is also
available for downloading from our Web site (www.invitrogen.com) or by
contacting Technical Service (see page 31).
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Performing the Control Reactions

Introduction We recommend performing the control reactions the first time you use the TOPO®

Tools procedure to help you evaluate your results. Performing the control reaction
involves the following steps:

1. Producing a CAT control PCR product using the CAT control template and
the 5′ and 3′ CAT control primers

2. Using the CAT control PCR product in a TOPO® Joining reaction with a
TOPO® Tools 5′ element and a TOPO® Tools 3′ element

3. Using the resulting control linear DNA template in a second PCR reaction to
produce a control linear DNA construct

Producing the
Control PCR
Product

Use the protocol below to amplify the CAT control template using PLATINUM® Taq
DNA Polymerase High Fidelity. If you are using another thermostable DNA
polymerase, follow the manufacturer’s instructions to set up the PCR reaction.

1. To produce the CAT control PCR product, set up the following 100 µl PCR:

CAT Control Template (10 ng/µl) 2 µl

10X PCR Buffer 10 µl

50 mM MgSO4 4 µl

40 mM dNTP Mix 2 µl

CAT Control Primers (100 ng/µl each) 2 µl

Sterile Water 79 µl
PLATINUM® Taq DNA Polymerase

High Fidelity (5 units/µl)                                         1 µl

Total Volume 100 µl

2. Amplify using the following cycling parameters:

Step Time Temperature Cycles

Initial Denaturation 2 minutes 94°C 1X

Denaturation 30 seconds 94°C

Annealing 30 seconds 55°C 30X

Extension 1 minute 68°C

Final Extension 10 minutes 68°C 1X

3. Remove 10 µl from the reaction and analyze by agarose gel electrophoresis. A
discrete 682 bp band should be visible. Estimate the concentration of the CAT
control PCR product and adjust the concentration to 50 ng/µl, if needed. Note:
We generally obtain a yield of CAT PCR product ranging from 40-100 ng/µl. If
you do not obtain a yield in this range, we recommend optimizing your PCR
conditions before proceeding (see pages 23-24 for some hints).

4. Proceed to the Control TOPO® Joining Reaction, next page.

continued on next page
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Performing the Control Reactions, continued

Control TOPO®

Joining Reaction
Using the CAT control PCR product produced on the previous page and the
appropriate TOPO® Tools 5′ and 3′ elements, set up the TOPO® Joining reaction
as described below.

1. Set up the following control TOPO® Joining reaction:

TOPO® Tools 5′ element 1 µl

CAT Control PCR product 2 µl

TOPO® Tools 3′ element 1 µl

250 mM Tris-HCl, pH 7.5                            1 µl

Total Volume 5 µl

2. Incubate at room temperature for 5 minutes and place on ice.

3. Proceed directly to the Secondary Control PCR Reaction, below

Secondary Control
PCR Reaction

The protocol provided below allows you to amplify the control linear DNA
template using PLATINUM® Taq DNA Polymerase High Fidelity. If you are using a
different thermostable DNA polymerase, reaction conditions may vary.

1. To produce the control linear DNA construct, set up the following 50 µl PCR:

Control TOPO® Joining Reaction 2.5 µl

10X PCR Buffer 5 µl

50 mM MgSO4 2 µl

40 mM dNTP Mix 1 µl

5′ Element Specific Primer (100 ng/µl) 1 µl

3′ Element Specific Primer (100 ng/µl) 1 µl

Sterile Water 37 µl

PLATINUM® Taq DNA Polymerase
High Fidelity (5 units/µl)                                      0.5 µl

Total Volume 50 µl

2. Amplify using the following cycling parameters:

Step Time Temperature Cycles

Initial Denaturation 4 minutes 94°C 1X

Denaturation 30 seconds 94°C

Annealing 30 seconds 55°C 20X

Extension 2 minutes 68°C

Final Extension 10 minutes 68°C 1X

continued on next page
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Performing the Control Reaction, continued

Secondary Control
PCR Reaction,
continued

3. Remove 5 µl from the reaction and analyze by agarose gel electrophoresis
(e.g. 1.2% E-Gel® from Invitrogen). A discrete band of the size corresponding
to the control linear DNA construct (TOPO® Tools 5′ element + CAT control
PCR product + TOPO® Tools 3′ element) should be visible. Note: Some
minor non-specific bands may be visible.
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Purifying and Concentrating PCR Products

Introduction If your gene of interest has not amplified efficiently and the yield of your PCR
product is low, you may use the S.N.A.P.™ MiniPrep Kit (Catalog no. K1900-25) to
rapidly purify and concentrate the PCR product. Other resin-based purification
kits are suitable.

Materials Needed You should have the following reagents on hand before beginning:

• Isopropanol

• Binding Buffer (supplied with the S.N.A.P.™ MiniPrep Kit )

• Wash Buffer (supplied with the S.N.A.P.™ MiniPrep Kit)

• Final Wash Buffer (supplied with the S.N.A.P.™ MiniPrep Kit)

• Sterile water

• S.N.A.P.™ MiniPrep columns (supplied with the S.N.A.P.™ MiniPrep Kit)

Purification
Protocol

Follow the protocol below to purify your PCR product using the S.N.A.P.™
MiniPrep Kit. The protocol provides instructions to purify PCR products from a
50 µl reaction volume. To purify PCR products from larger reaction volumes (e.g.
several PCR reactions pooled together), scale up the volumes of each buffer
accordingly. Note: Details about the components of the S.N.A.P.™ MiniPrep Kit
can be found in the S.N.A.P.™ MiniPrep Kit manual. The manual is available for
downloading from our Web site (www.invitrogen.com) or by calling Technical
Service (see page 31).

1. Mix the 50 µl amplification reaction with 150 µl of Binding Buffer. Mix well
by pipetting up and down.

2. Add 350 µl of isopropanol. Mix well by vortexing.

3. Immediately load solution from Step 2 onto a S.N.A.P.™ MiniPrep column.
Centrifuge for 30 seconds at 1000 x g in a microcentrifuge and discard the
flow-through.

4. Add 250 µl of the Wash Buffer and centrifuge for 30 seconds at 1000 x g in a
microcentrifuge. Discard the flow-through.

5. Add 450 µl of the Final Wash Buffer and centrifuge for 30 seconds at 1000 x g
in a microcentrifuge. Discard the flow-through.

6. Centrifuge for an additional 30 seconds at full-speed in a microcentrifuge to
dry the column.

7. Transfer the column to a new collection tube. Add 30 µl of sterile water to the
column. Incubate at room temperature for 1 minute.

8. Centrifuge for 30 seconds at full-speed in a microcentrifuge to elute the
DNA. Collect the flow-through. Use 2 µl for the TOPO® Joining reaction and
proceed as described on page 15.

http://www.invitrogen.com/
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Technical Service

World Wide Web Visit the Invitrogen Web Resource using your World Wide Web browser. At the
site, you can:

• Get the scoop on our hot new products and special product offers

• View and download vector maps and sequences

• Download manuals in Adobe® Acrobat® (PDF) format

• Explore our catalog with full color graphics

• Obtain citations for Invitrogen products

• Request catalog and product literature

Once connected to the Internet, launch your web browser (Internet Explorer 5.0
or newer or Netscape 4.0 or newer), then enter the following location (or URL):

http://www.invitrogen.com

...and the program will connect directly. Click on underlined text or outlined
graphics to explore. Don't forget to put a bookmark at our site for easy reference!

Contact us For more information or technical assistance, please call, write, fax, or email.
Additional international offices are listed on our web page (www.invitrogen.com).

United States Headquarters: Japanese Headquarters European Headquarters:

Invitrogen Corporation Invitrogen Japan K.K. Invitrogen Ltd

1600 Faraday Avenue Nihonbashi Hama-Cho Park Bldg. 4F 3 Fountain Drive

Carlsbad, CA 92008 USA 2-35-4, Hama-Cho, Nihonbashi Inchinnan Business Park

Tel: 1 760 603 7200 Tel: 81 3 3663 7972 Paisley PA4 9RF, UK

Tel (Toll Free): 1 800 955 6288 Fax: 81 3 3663 8242 Tel (Free Phone Orders): 0800 269 210

Fax: 1 760 602 6500 E-mail: jpinfo@invitrogen.com Tel (General Enquiries): 0800 5345 5345

Fax: +44 (0) 141 814 6287E-mail:
tech_service@invitrogen.com E-mail: eurotech@invitrogen.com

MSDS Requests To request an MSDS, please visit our web site (www.invitrogen.com) and follow
the instructions below.

1. On the home page, go to the left-hand column under ‘Technical Resources’
and select ‘MSDS Requests’.

2. Follow instructions on the page and fill out all the required fields.

3. To request additional MSDSs, click the ‘Add Another’ button.

4. All requests will be faxed unless another method is selected.

5. When you are finished entering information, click the ‘Submit’ button. Your
MSDS will be sent within 24 hours.

continued on next page

http://www.invitrogen.com/
mailto:jpinfo@invitrogen.com
mailto:tech_service@invitrogen.com
mailto:eurotech@invitrogen.com
http://www.invitrogen.com/
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Technical Service, continued

Emergency
Information

In the event of an emergency, customers of Invitrogen can call the 3E Company, 24
hours a day, 7 days a week for disposal or spill information. The 3E Company can
also connect the customer with poison control or with the University of California
at San Diego Medical Center doctors.

3E Company
Voice: 1-760-602-8700

Limited Warranty Invitrogen is committed to providing our customers with high-quality goods and
services. Our goal is to ensure that every customer is 100% satisfied with our products
and our service. If you should have any questions or concerns about an Invitrogen
product or service, please contact our Technical Service Representatives.

Invitrogen warrants that all of its products will perform according to the specifications
stated on the certificate of analysis. The company will replace, free of charge, any product
that does not meet those specifications. This warranty limits Invitrogen Corporation’s
liability only to the cost of the product. No warranty is granted for products beyond their
listed expiration date. No warranty is applicable unless all product components are stored
in accordance with instructions. Invitrogen reserves the right to select the method(s) used
to analyze a product unless Invitrogen agrees to a specified method in writing prior to
acceptance of the order.

Invitrogen makes every effort to ensure the accuracy of its publications, but realizes that
the occasional typographical or other error is inevitable. Therefore Invitrogen makes no
warranty of any kind regarding the contents of any publications or documentation. If you
discover an error in any of our publications, please report it to our Technical Service
Representatives.

Invitrogen assumes no responsibility or liability for any special, incidental, indirect or
consequential loss or damage whatsoever. The above limited warranty is sole and
exclusive. No other warranty is made, whether expressed or implied, including any
warranty of merchantability or fitness for a particular purpose.



33

Purchaser Notification

Introduction Use of any TOPO® Tools product is covered under the license detailed below.

Cloning
Technology Label
License

The consideration paid for Cloning Technology products (e.g., TOPO® Cloning,
TOPO TA Cloning®, TA Cloning®, TOPO® Tools, Directional TOPO® Cloning,
Zero Background™, GATEWAY™ Cloning Systems and Echo™ Cloning Systems)
grants a Limited License with a paid up royalty to use the product pursuant to
the terms set forth in the accompanying Limited Label License (see below).

The Cloning Technology products and their use are the subject of U.S. Patent
Nos. 5,888,732, 6,143,557, 6,171,861, 5,766,891, 5,487,993, 5,827,657, 5,910,438,
6,180,407, 5,851,808, and/or other pending U.S. and foreign patent applications
owned by or licensed to Invitrogen Corporation. Use of these products requires a
license from Invitrogen. Certain limited nontransferable rights are acquired with
the purchase of these products (see below).

The purchase price of these products includes limited, nontransferable rights to
use only the purchased amount of the product solely for internal research.
Invitrogen reserves all other rights and in particular, the purchaser of this
product may not transfer or otherwise sell this product or its components or
derivatives to a third party and no rights are conveyed to the purchaser to use
the product or its components or derivatives for commercial purposes as defined
below.

Commercial purposes means any activity for which a party receives
consideration and may include, but is not limited to, (1) use of the product or its
components or derivatives in manufacturing, (2) use of the product or its
components or derivatives to provide a service, information or data, (3) use of
the product or its components or derivatives for diagnostic purposes, (4) transfer
or sell vectors, clones, or libraries made with the product or components or
derivatives of the product, or (5) resell the product or its components or
derivatives, whether or not such product or its components or derivatives are
resold for use in research.

If the purchaser is not willing to accept these use limitations, Invitrogen is
willing to accept return of the product for a full refund.  For information on
obtaining a license, contact the Director of Licensing, 1600 Faraday Avenue,
Carlsbad, California  92008.  Phone (760) 603-7200.  Fax (760) 602-6500.
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