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STORAGE
Store at -20°C

Warning: For research use only. Not
recommended or intended for diagnosis of
disease in humans or animals. Do not use
internally or externally in humans or animals.
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QUALITY CONTROL

The reagents in this kit have been carefully optimized to yield a high
success rate in creating single or multiple mutations in a target plasmid.
USB recommends that this kit be used as directed to achieve these results.
The USB Change-IT™ Multiple Mutation Site Directed Mutagenesis Kit has
been tested to yield over 75% mutated pUC19 molecules using the control
mutagenic and Amp REV primers.

SAFETY WARNINGS AND PRECAUTIONS

Warning: For research use only. Not recommended or intended for
diagnosis of disease in humans or animals. Do not use internally or
externally in humans or animals.

Caution: All chemicals should be considered as potentially hazardous. We,
therefore, recommend that this product is handled only by those persons who
have been trained in laboratory techniques and that it is used in accordance
with the principles of good laboratory practice. Wear suitable protective
clothing such as lab coat, safety glasses, and gloves. Care should be taken
to avoid contact with skin and eyes. In the case of contact with skin or eyes,
wash immediately with water. See MSDS (Material Safety Data Sheet) for
specific advice.

INTRODUCTION

The Change-IT™ Multiple Mutation Site Directed Mutagenesis Kit is designed
to create single or multiple oligonucleotide-directed base changes in plasmids.
The site and the specific base changes are specified by 5'-phosphorylated
oligonucleotides identical to the template DNA at the 5'- and 3'-ends but with
mutations (insertions, deletions, or base changes) in the middle. The template
plasmid must be methylated and replication competent. The kit is based on
the ligation-during-amplification procedure of Chen and Ruffner® however the
reaction conditions have been optimized for high fidelity and efficient ligation.
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Figure 1. Change-IT™ Multiple Mutation Site Directed Mutagenesis procedure. During
each PCR cycle the phosphorylated mutagenic primers anneal to the template plasmid
and are extended by FideliTag™ DNA Polymerase. The newly synthesized DNA is ligated
together by thermostable DNA ligase. Once the PCR amplification is complete, the
product is digested with Dpn | and transformed into E. coli.

Figure 1 presents an overview of the Change-IT™ procedure. Phoshorylated
primers are annealed to each strand of the plasmid template. Although only
a single primer is shown per strand, each strand can have multiple primers
annealed in order to create multiple mutations. FideliTag™ DNA Polymerase
extends from each primer until the phosphorylated 5'-end of either the
original or another primer is encountered. Thermostable ligase joins the DNA
product(s) to create circular dsDNA. This dsDNA becomes the template for
subsequent cycles of PCR amplification. The product of the Change-IT™
reaction is then digested with Dpn | to remove parental template and
transformed into E. coli. Bacterial colonies bearing mutated plasmid can
then be recovered.

The key to the Change-IT™ technique is that the fully mutated, fully
transformable plasmid is exponentially amplified while hemi-mutated plasmid
is linearly amplified and non-mutated plasmid is not amplified at all. Figures
2A and 2B present an idealized version of this process for a single plasmid
molecule.

Initially, template plasmid and primers are present in the reaction mixture

(Fig. 2A, Cycle 1). As the first cycle progresses, the double-stranded template
plasmid is melted into two single-stranded circular DNA molecules. As

the temperature decreases, primer anneals to the circular ssDNA and the
polymerase elongates from the 3'-end of the primer around the circle until the
nascent DNA strand abuts the 5'-end of the primer, thus creating a dsDNA
plasmid with the newly polymerized strand bearing a gap in the DNA. Thermal
stable ligase seals the gap creating a replicated, double-stranded plasmid
DNA. Note that in this round, the base change encoded by the mutagenic
primer is incorporated into only one of the two DNA strands of only one of the
two replicated plasmids. During the second round of PCR (Fig. 2A, Cycle

2) the two product plasmids are denatured resulting in four ssDNA closed
circles, one of which bears the desired mutation. The primers anneal and
extension and ligation ensue. The products from the second round of PCR
amplification are one fully mutated plasmid, two hemi-mutated plasmids,

and one unmutated plasmid. Figure 2B, cycle 2, recapitulates the products
present at the end of cycle 2. Each of these plasmids undergo denaturation,
annealing, extension, and ligation, resulting in eight plasmids (Fig 2B, Cycle 3),
four of which are fully mutated, three are hemi-mutated and one is unmutated.
Fig. 2B, Cycle 4, depicts the population of products present at the end of the
fourth round of PCR amplification: eleven fully mutated plasmid molecules,

5 hemi-mutated molecules, and a single unmutated plasmid molecule.

After 10 cycles the ratio of mutated to unmutated plasmid is 1,000:1, and
that of mutated to hemi-mutated plasmid 100:1. However, after 20 cycles
these ratios are 1,000,000:1 and 50,000:1. Of course, this is an idealized
representation of a complex process and assumes a PCR efficiency of 100%.
Nonetheless, after 25 to 35 PCR cycles and Dpn | digestion of the parental
plasmid, this technique creates a plasmid population composed of over 70 to
90% fully mutated plasmids in control reactions.
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Figure 2A. Amplification of a Single Template Plasmid in the Change-IT™ Multiple
Mutation Site Directed Mutagenesis Reaction. Figure 2A, Cycle 1, depicts the initial
conditions: a single dsDNA plasmid, phosphorylated mutagenic (orange arrow with blue
box) primers, and phosphorylated non-mutagenic (blue arrow) primers. In the first cycle,
denaturation leads to two single-stranded DNA circles, and primers anneal as the reaction
temperature decreases. FideliTag™ DNA Polymerase elongates from the 3'-end of the
primer until the nascent DNA strand encounters the phosphorylated, 5'-end of the primer.
DNA Ligase seals the gap between the 5'-phosphorylated end of the primer and the
3'-end of the newly synthesized DNA strand resulting in two plasmids, one without any
mutations and one with the desired mutation in a single strand of the double-stranded
plasmid. In the second cycle (Fig. 2A, Cycle 2) denaturation results in four single-stranded
DNA circles, one of which bears the desired mutation. Annealing, extension and ligation
result in a single plasmid with the desired mutation in both strands, two plasmids with the
desired mutation in one of the two strands, and one plasmid without any mutations.
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Figure 2B. Amplification of a Single Template Plasmid in the Change-IT™ Multiple
Mutation Site Directed Mutagenesis Kit continued. Figure 2B, Cycle 2 pictorially
depicts the plasmid population at the end of the second cycle. Figure 2B, Cycle 3 depicts
this population after the third cycle and Figure 2B, Cycle 4 depicts this population after

the fourth cycle. Each fully mutated plasmid generates two fully mutated products; each
hemi-mutated plasmid generates a single fully mutated plasmid and a single hemi-mutated
plasmid; each non-mutated plasmid generates a single hemi-mutated plasmid and a single
non-mutated plasmid.
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COMPONENTS

10X Change-IT™ Buffer: A Tris-HCI based buffer which includes 10mM MgCl,,
equimolar concentrations of dATP, dGTP, dCTP, dTTP, and salts. The buffer has
been optimized for high fidelity amplification and efficient ligation.

Change-IT™ Enzyme: A blend of FideliTag™ DNA Polymerase and a thermal
stable ligase in 50% glycerol.

Dpn I: This restriction enzyme cuts at methylated GATC sites. It is used to
remove the parental (i.e. non-mutated) plasmid DNA. Dpn | is supplied in
50% glycerol.

Amp FWD Primer: This primer is 5'-phosphorylated and is included at 5uM

in Tris-HCI Buffer. The primer is complementary to the antisense strand of
B-lactamase and so is oriented in the forward direction. This primer is included
as a universal primer. The sequence is:
PO,/CCATGAGTGATAACACTGCGGCCAACTTACTTCTGAC.

Amp REV Primer: This primer is 5'-phosphorylated and is included at 5pM

in Tris-HCI Buffer. The primer is complementary to the sense strand of
B-lactamase and so is oriented in the reverse direction. This primer is included
as a universal primer. The sequence is:
PO,/GTCAGAAGTAAGTTGGCCGCAGTGTTATCACTCATGG.

Mutagenic Control Primer: This primer is 5'-phosphorylated and is included
at 5uM in Tris-HCI Buffer. This primer binds to the antisense strand of the
o-fragment of B-galactosidase and so is oriented in the forward direction.

It is included as the mutagenic primer in the pUC19 control reaction. The
mutation inserted by this primer prevents o.-complementation and so
renders bacterial colonies white on X-GAL plates. The sequence is:
PO,/ATGACCATGATTACGCCATAGCTTGCATGCCTGCAGG.

0.5 ng/pl pUC19: This plasmid is provided for use as the template in the
control reaction.

Nuclease-Free Water

MATERIALS NOT SUPPLIED

Necessary Reagents:

Plasmid template: Plasmid DNA used in this kit should be pure and free from
contaminants that might interfere with PCR amplification. We recommend that
the plasmid be purified using an anion exchange resin, such as that found

in the USB PrepEase® MiniSpin Plasmid Kits (PN 78735, 78736, or 78737).
Plasmid concentration should be determined by absorbance at 260 nm so that

the template concentration guidelines can be followed. The plasmid template
must be methylated so that it can be cleaved by Dpn I. Most E. coli cell lines
in common use are dam* and will generate methylated plasmid DNA which will
be digested by Dpn I. Do not use plasmid isolated from dam™ E. coli cell lines,
such as JM110 or its derivatives, SCS110 or INV110.

Mutagenic primers: Proper design of the oligonucleotide primers is critical
for the success and efficiency of the Change-IT™ mutagenesis amplification.
Mutagenic primers must be designed so that each binds to a unique site with
no overlap between them. The bases encoding the mutation(s) should be
located toward the middle of the primer and be flanked by stretches of 10

to 20 bases that are complementary to the target DNA strand. Note that

the 5'-end of the primer must be phosphorylated and match the template
sequence exactly for ligation to occur. It is essential for successful mutagenesis
that at least one primer anneals to each DNA strand of the plasmid. To
facilitate this, both Amp FWD and Amp REV primers are included.

Highly competent cells: Either chemically competent or electrocompetent
cells are adequate, but they should have competencies of 10? cfu/ug pUC19
for 3 kb plasmids and of 10° cfu/ug pUC19 for 8 kb plasmids.

Nutrient agar plates and growth medium: Agar plates with the appropriate
antibiotic are required for the growth of transformed E. coli cells and agar
plates that also include X-Gal are required for the control reaction. Growth
media is required during the transformation procedure.

Necessary equipment:

Other supplies: A microcentrifuge, appropriate tubes, pipette tips, and
pipettors are required. The use of barrier-tip pipettes and dedicated pipettors
are recommended in order to avoid contamination. PCR reaction tubes do not
have to be thin walled, but should be nuclease-free. Adjust denaturing and
annealing times appropriately for non-thin walled tubes.

Latex gloves (powder free): Gloves should be used for handling reagents and
equipment in order to decrease the probability of introducing contaminants
into samples.

Thermal cycler: A thermal cycler is required for this kit. Purchase of this kit
provides a limited license for the use of the reagents in the PCR process. This
license does not extend to the thermal cycler.

Bacterial incubator: A temperature controlled incubator for the bacterial
plates is required.



PROTOCOL

This protocol specifies appropriate volumes for a single 20 pyl mutagenesis
reaction. The kit itself provides sufficient material for 20 independent reactions.
For multiple reactions scale the component volumes proportionately. Assemble
a control reaction using 10 pl of 0.5 ng/ul pUC19, 1 yl Mutagenic Control
Primer, and 1 pl Amp REV Primer.

1. Before first use, centrifuge the Change-IT™ Enzyme and Dpn | tubes to
collect contents at bottom of tube.

2. Thaw 10X Change-IT™ Buffer, mix thoroughly, centrifuge to collect at the
bottom of the tube, and place on ice.

3. Assemble reactions on ice. Note that at least one primer must anneal
to each DNA strand of the plasmid (e.g. in a two primer reaction the
common primer must anneal to the opposite strand of the plasmid as the
mutagenic primer). Do not include both common primers (i.e. Amp REV
and Amp FWD) in the same reaction.

4. The plasmid DNA volume added will depend on the template plasmid
concentration and the number of reactions being assembled. Therefore,
the volume to be added is undefined in the table below. However, the sum
of the volume of plasmid DNA and the volume of water must equal 15.2 pl.
The final plasmid mass in a single reaction should range from 5 ng (for a
3 kb plasmid) to 15 ng (for an 8 kb plasmid). Greater amounts of template
can be used, but background colonies may increase.

5. Cycle reactions according to the following guidelines:

Cycle Name Temperature Time Comments
Initial Denature 95°C 2 minutes
Denature 95°C 30 sec
Anneal 55°C to 68°C 30 sec
Extend 68°C 10-20 minutes Extend for
20 to 1-2 min/kb;
30 ligate an
cycles additional 5 to
10 min/cycle.
Do not exceed
68°C.
Final Extension 68°C 10-20 minutes
& Ligation
Hold 4°C NA

Final

Component Volume (pl) |Concentration
10X Change-IT™ Buffer 2.0 1X

5uM Phosphorylated Mutagenic Primer 1.0 0.25uM
5uM Phosphorylated Common Primer 1.0 0.25uM
Methylated Plasmid DNA X >5ng
Nuclease-Free Water (15.2-X) NA
Change-IT™ Enzyme 0.8 NA

10

6. Although the Change-IT™ reaction product can be analyzed on an agarose
gel at this point, it is unlikely that a distinct product band will be seen.
Continue with all of the steps of the Change-IT™ mutagenesis procedure,
as mutated product is recovered upon completion of the protocol.

7. Remove a 10 pl aliquot of the completed reaction to a fresh tube. Add
1 pl Dpn | to 10 pl of mutagenesis reaction.

8. Incubate at 37°C for 2 hours.

9. Transform 2 to 4 pl of Dpn | digested reaction into 50 pl of competent
cells.
10. Plate 10-100% of the transformed E. coli cells onto selective medium.
a. Plate 15% of the control reaction onto plates containing ampicillin and
X-Gal.

b. A successful control reaction will yield >75% white colonies.

SUPPLEMENTARY INFORMATION

The Change-IT™ technique is based on PCR amplification of a complete
plasmid coupled with ligation of the nicks in the strands of the dsDNA
circle. Because PCR plays a crucial role in this technique, all of the standard
precautions for PCR apply to this kit as well. Proper primer design, template
preparation, and clean work habits all greatly increase the chances for
success.

11



Template

Clean template greatly increases the likelihood of success in the mutagenesis
reaction. This kit has been extensively tested using plasmids isolated by anion
exchange resins from USB Corporation as well as from other vendors. In
addition to clean plasmid template, it is important to adhere to the recom-
mended amounts of template. High ratios of colonies bearing mutated to those
bearing non-mutated plasmids are a function of successful amplification, a low
amount of template, and efficient Dpn | digestion. Clearly, these considerations
can lead to opposing solutions as PCR efficiency for long PCR is enhanced

by increased plasmid concentration, yet this can lead to less efficient Dpn |
digestion of parental plasmid. As a rule of thumb, the smaller the plasmid size
(e.g. pUC19), the lower the mass of template required and the greater the

Dpn | efficiency. We recommend a parental plasmid concentration of 0.2 ng/pl
for 2.7 kb plasmids, 0.6 ng/ul for 8.3 kb plasmids, and higher concentrations
for larger (>10 kb) plasmids. If parental plasmid background remains high, then
a second Dpn | digest may be performed.

Primer Design

Primers should be designed so that bases not matched to the template

(i.e. mutagenic) are in the middle of the primer. At least 10 and preferably

15 to 20 bases should extend both upstream and downstream from the
section of the primer which encompasses the mutagenic section. Large

(300 bp) deletions have been created using this kit by designing an
oligonucleotide which extends for 25 nt upstream and 25 nt downstream of
the deletion boundaries. One of the greatest obstacles to success in the
Change-IT™ mutagenesis reaction is failure to allow for a sufficient number

of bases upstream and downstream from the mutagenic section of the primer.

The non-mutagenic primer should be designed so that it binds to a unique
sequence on the opposite strand of the plasmid. This non-mutagenic primer
should not overlap with the mutagenic primer in any way. This will avoid

the formation of primer-dimers that are so prevalent in other mutagenesis
techniques. For the users’ convenience, the kit includes primers to the Amp*
sequence in both the forward and reverse orientations. These primers may be
used in any mutagenesis reaction where the template plasmid bears the Amp*
ORF. Note that for the control reaction, the Amp REV primer should be used

in conjunction with the mutagenic control primer and pUC19. If two mutations
on separate primers are being introduced then the two mutagenic primers can
anneal to opposite strands of the plasmid and the non-mutagenic primer may
be omitted.

12

Cycling Conditions

The Change-IT™ Kit uses a high fidelity polymerase blend, FideliTag™ DNA
Polymerase, to amplify the plasmid. At USB we have found little difference
between error rates when amplifying and ligating 20 versus 35 cycles.
Consequently, we recommend that the Change-IT™ amplification be carried
out for 20 to 35 cycles in order to increase the proportion of mutated plasmid
molecules in the reaction. For smaller plasmids (2.8 kb) 20 cycles is sufficient;
for larger plasmids (8 kb), 35 cycles may be required to achieve a greater than
75% mutation rate (defined as the number of E. coli colonies bearing mutated
plasmid versus the number bearing parental plasmid).

The annealing temperature in these reactions is not as critical as in a typical
PCR reaction. If the guidelines for primer design are followed, then an
annealing temperature of 55°C works well for most primers. Note that an
extension temperature of 68°C should be followed regardless of the PCR
product size. The extension time in the Change-IT™ reaction is considerably
lengthened as compared to a typical PCR reaction. This is to allow the thermal
stable ligase sufficient time for ligation of the newly synthesized, nicked circles
of DNA into closed, circular dsDNA. In general, for the extension step in the
PCR cycle, allow 1 minute per kb of linear plasmid length for extension and an
additional five minutes for ligation. The recommended addition of 5 minutes

to the extension time is sufficient in most cases. However, for larger plasmids
(>8 kb) we have noted a modest increase (=5%) in the success of the reaction
using a ten, rather than five, minute addition to the extension time.

Transformation and Growth

The efficiency of the E. coli cells used to transform the Change-IT™
mutagenesis reaction can vary depending on the size of the plasmid
being altered. Larger (>8 kb) plasmids will require more efficient cells
(108 to 10° cfu/ug DNA) and that a greater percentage of the rescue,
up to 100%, be plated.

Large Plasmids

Change-IT™ mutagenesis of large (>14 Kb) plasmids may require slight
modifications to the protocol. At USB we have had success by increasing
the amount of template, performing two sequential Dpn | digestions, and
by doubling the volume of enzyme blend used in the reaction.

13



TROUBLESHOOTING

Ultrapure Antibiotics (continued)

Problem

Possible Causes and Solutions

High background of
bacterial colonies
bearing parental plasmid

1. Decrease the mass of parental plasmid used as

template

2. Increase the units of Dpn | used in the
post-amplification digestion.
3. Add an additional Dpn | digestion immediately
following the first one.
4. Increase the number of PCR amplification cycles.

No mutations detected

Perform control mutagenesis reaction.

Colonies failed to grow

O~ WON =

. Perform control mutagenesis reaction.

. Increase the number of amplification cycles.

. Ensure correct antibiotic used.

. Plate a larger volume of the E. coli transformation.
. Check the competency of the competent cells.

RELATED PRODUCTS

PCR Master Mixes

Product

Application

Pack size

Product number

FideliTag™ PCR Master Mix (2X)

PCR amplification

100 reactions

71182

RubyTag™ PCR Master Mix (2X)

PCR amplification

100 reactions

71191

Taq PCR Master Mix (2X)

PCR ampilification

100 reactions

71162

Plasmid Purification

Product Application Pack size Product number
PrepEase® MiniSpin Plasmid Kit Plasmid isolation 10 preps 78735
50 preps 78736
250 preps 78737
Ultrapure Antibiotics
Product Application Pack size Product number
Ampicillin, Sodium Salt Bacterial selection 5gm 11259
25gm
100 gm
Chloramphenicol Bacterial selection 5gm 23660
25gm
100 gm
1 kg
Kanamycin Sulfate Bacterial selection 5gm 17924
25gm
Streptomycin Sulfate Bacterial selection 10 gm 21865
25gm
100 gm
1kg
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Product Application Pack size Product number
Tetracycline, Hydrochloride Bacterial selection 25gm 22105
100 gm
1 kg
Reagents
Product Application Pack size Product number
Agarose — Separation > 500 bp, DNA separation 25gm 75817
Genetic Performance Certified 100 gm
250 gm
500 gm
Ethidium Bromide Drops DNA visualization 5ml 75816
TAE Buffer, 10X Solution DNA visualization 1L 75904
5L
TAE Buffer, 50X Solution DNA visualization 100 ml 74015
TBE Buffer, 10X Ready-Mixed DNA visualization 6 x 200 ml 70454
Powder
TBE Buffer, 5X Solution DNA visualization 1L 75891
5L
LB Agar, Ready-Made Powder Bacterial growth 250 gm 75851
1 kg
LB Broth, Ready-Made Powder Bacterial growth 250 gm 75852
1 kg
Terrific Broth, Ready-Made Bacterial growth 250 gm 75856
Powder 1 kg
X-Gal Bacterial screening 100 mg 10077
250 mg
1gm
2gm
X-Gal-IPTG Solution Bacterial screening 1.5ml 26205
10 ml
50 ml
1. Chen, Z. and Ruffner, D. E. (1998) Nucl. Acids Res. 26(4), 1126-1127.
USA USB Europe GmbH

Cleveland, Ohio
(800) 321-9322
www.usbweb.com

Staufen, Germany
+49(0)76 33 - 933 400
www.usbweb.de

USB products distributed outside the USA:
Please visit the USB website at www.usbweb.com for up-to-date contact

information within your area.
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All goods and services are sold subject to the terms and conditions of sale of the company
within USB Corporation or the group which supplies them. A copy of these terms and
conditions is available on request.

USB, the logo design, and PrepEase are registered trademarks of USB Corporation.
Change-IT, FideliTaq, and RubyTaq are trademarks of USB Corporation.

FideliTag DNA Polymerase — Technology is licensed under U.S. Patent No. 5,436,149
owned by TaKaRa Bio Inc.

Tag DNA Polymerase — Use of this product is covered by one or more of the following

US patents and corresponding patent claims outside the US: 5,079,352, 5,789,224,
5,618,711, 6,127,155 and claims outside the US corresponding to US Patent No.
4,889,818. The purchase of this product includes a limited, non-transferable immunity
from suit under the foregoing patent claims for using only this amount of product for the
purchaser’s own internal research. No right under any other patent claim (such as the
patented 5' Nuclease Process claims in US Patents Nos. 5,210,015 and 5,487,972), no
right to perform any patented method, and no right to perform commercial services of any
kind, including without limitation reporting the results of purchaser’s activities for a fee or
other commercial consideration, is conveyed expressly, by implication, or by estoppel.
This product is for research use only. Diagnostic uses under Roche patents require a
separate license from Roche. Further information on purchasing licenses may be obtained
by contacting the Director of Licensing, Applied Biosystems, 850 Lincoln Centre Drive,
Foster City, California 94404, USA.

©USB Corporation 2007 —All rights reserved.

USB Corporation
26111 Miles Road
Cleveland, Ohio 44128 USA P-78480A
www.usbweb.com rev 01/07



