
KIT CONTENTS AND STORAGE

Label1,2 Contents

Muta-DirectTM Enzyme (2.5U/μl) 15 μl

Muta-DirectTM Reaction Buffer (10×) 100 μl

dNTP Mixture 30 μl

MutazymeTM Enzyme (10 U/μl) 15 μl

pUC18 Control Plasmid (10ng/μl)3 10 μl

ISO 9001/14001 Certified Company

CHARACTERISTICS

• Easy to use : No special skills are required
• Simple : Three steps with two days
• High mutation efficiency : The success rate is 99%

ADDITIONAL REQUIRED EQUIPMENT

• PCR machine
• Pipette set

• Standard tabletop micro-centrifuge
• Incubator

For research purpose only. Not for use in diagnostic procedures 
for  clinical purposes. For IN VITRO USE ONLY.

Muta-Direct™
Site-Directed Mutagenesis Kit

DESCRIPTION

In vitro site-directed mutagenesis is an useful technique for studying structural fun
ction relationships of protein and for identifying amino acids. The Muta-DirectTM Si
te-Directed Mutagenesis Kit can be used for creating a mutation at a defined site i
n a plasmid. The Muta-DirectTM Site-Directed Mutagenesis Kit has convenient and
simple three steps for all experimental procedures.
The Muta-DirectTM Site-Directed Mutagenesis Kit is used to make point mutations,
substitute amino acids, and delete or insert nucleotide sequence(s). The Muta- D
irectTM Site-Directed Mutagenesis Kit „s characteristics enable the kit to be applica

ble to protein engineering including the improvement of protein function or protei
n productivity as well as analysis of gene function.
The creation of a mutation is possibly to complete through just simple three-steps

including performance of PCR using the prepared mutagenic primers and use of th
e Muta-direct™ enzyme which has a very low error rate with proof-reading function;
digestion of non-mutated parental DNA template (contained with methylated and

hemimethylated DNA sequence) by treatment with Mutazyme™ Enzyme; and transf
ormation of the mutated plasmid (Fig. 1). It can be checked whether mutagenesis
is completed or not by sequencing of mutated plasmid if necessary.

The Muta-DirectTM Site-Directed Mutagenesis Kit provides a simplified user-friendly
protocol for the convenient use of those who are unfamiliar with the Muta-DirectTM

Site- Directed Mutagenesis Kit or new to site-directedmutagenesis.

Step 1.
Creation of a mutation
▪ Performance of PCR
▪ Use of a Muta-Direct™

Enzyme

Step 2.
Digestion of non-mutated  
parental DNA template

▪ Use of a Mutazyme™  
Enzyme

Step 3.  Transforma
tion

▪Use of competentcells  (N
ick recovering)

Fig 1. Overview of the Muta-Direct™ Site-Directed Mutagenesis kit
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APPLICATION

• Codon switch • Re-mutation to wild type of plasmid
• Functional analysis of a gene or protein • Protein engineering
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IMPORTANT POINTS BEFORE STARTING

◈Muta-DirectTM ControlReaction

The pUC18 Control Plasmid and Control Primer Mix contained in the Muta-DirectTM

Site-Directed Mutagenesis Kit are provided to check whether the mutagenesis ex
periment is performed completely. The pUC18 Control Plasmid and Control Primer
Mix should be used in the Muta-DirectTM Control Reaction. Through the Muta-Direct
TM Control Reaction, a translational termination codon is introduced into the lacZ g
ene contained in pUC18 Control Plasmid. The change from serine (TCG) to translat
ional termination codon (TAA) can block the expression of protein product of the l
acZ gene. Only white colonies are formed after transformation when the experime
nt completes properly.

◈ PrimerDesign

At first, design of the mutagenic primers is required for the use of the Muta-DirectT

M Site- Directed Mutagenesis Kit.

It is generally accepted that the length of mutagenic primers is 25~45 bp. We rec
ommend the use of the mutagenic primer which is 30-35 bp in length. It is importa
nt that the nucleotide desired to be mutated should be settled in the middle of the
mutagenic primers.

Design a primer of 30 bp in length and then need to estimate a melting temperature
(Tm) with Tm formula. Tm of the mutagenic primers should be greater than or equ
al to 78°C (At least more than 40% of GC ratio). If the Tm is under 78°C, the chang
e of the primer length is necessary.

Note : Check points below for the design of primer.

1)Design forward and reverse primers which are 30 bp each in length. In this step
, locate the nucleotide desired to be mutated in the middle of the mutagenic p
rimers.

2)Estimate the Tm of the mutagenic primers. If the Tm is under 78℃, adjust the
length of primers for 78°C (At least more than 40% of GCratio).

3)Avoid using desalting-grade primers. It is recommended to use HPLC or PAGE
grade of primers. Most companies commonly provide HPLC grade primer but
customer are required to check this point.

The following formula is commonly used for estimating the Tm of mutagenic prim
ers

▪ Tm formula : Tm=0.41(% GC) – 675/L+81.5
(L: Primer length in base pairs; % GC: GC % of primer)

Control Primer Mix (20 pmole/μl)3 10 μl

1 All components should be stored at -20°C.
2 Muta-DirectTM Site-Directed Mutagenesis Kit contains sufficient contents to perform approxi

mately  15 × 50 μl mutagenesis reactions.
3 pUC18 Control Plasmid and Control Primer Mix contained in this kit are sufficient to perform 

5  control reactions.

PRODUCT WARRANTY AND SATISFACTION GUARANTEE

All products undergo extensive quality control test and are warranted to perform a
s described when used correctly. Immediately any problems should be reported.
Satisfaction guarantee is conditional upon the customer providing full details of th
e problem to iNtRON within 60 days, and returning the product to iNtRON for exa
mination.
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Segment Cycle Temperature Time

1 1 cycle 95°C 30 sec

2
12 ~ 18
cycles

95°C

55°C

72°C

30 sec

1 min

1-2 min/ kbp of plasmid length

Mutation Cycles

Point Mutation 12 cycles

Single amino acid changes 16 cycles

Multiple amino acid deletion or insertion 18 cycles

PROTOCOLS

Step 1. Creation of a mutation
In this step, you may create a mutation at a defined site in a plasmid performing PCR with the  
mutagenic primers and Muta-direct™ Enzyme containing proof-reading activity

1.Prepare plasmids for using as a PCR template.
Note : Use dam+ E. coli strains such as DH5α strain as host strain. Most of E. coli strains c
ommonly used for molecular biology work are dam+ strains except JM110 and SCS110 stra
ins. For end+ strains, low number of colonies may be obtained because of activity of endon
uclease. But this may not affect the mutation efficiency. It is recommended to use DNA-spi
n™ Plasmid DNA Extraction Kit when you prepare the plasmids.

2. [Optional] Prepare the control reaction as describedbelow.

3. Prepare the Sample reaction(s) as described below.

4. Perform the PCR according to the following PCR condition and a final  extensi
on step may be skipped.

Note : In the PCR condition described above, the number of PCR cycle of segment 2 can be
adjusted according to the following table. In case more than 4 nucleotides are mutated, mu

tation efficiency may be decreased.

5. After PCR, place the PCR tube in ice for 5minutes.
Note : To check the amount of mutated plasmid, electrophorese 10 μl of Mutazyme™ Enzym
e– treated PCR mixture on a 1% agarose gel.

Step 2. Digestion of non-mutated parental DNA template

In this step, you may digest the non-mutated parental DNA template (methylated or  hemimeth
ylated plasmid) by treatment with the Mutazyme™ Enzyme after the completion of PCR.

1.Add 1 μl of MutazymeTM Enzyme (10 U/μl) to PCR mixture.

2.After mixing shortly, incubate the mixture at 37°C for 1hour.
Note : In case of using significantly excess amount of PCR template plasmid, the treatment
with the Mutazyme™ Enzyme may be incomplete. This may cause difficulty in the correct s
election of mutated clones. Therefore, proper amount of PCR template plasmid should be u
sed.

Step 3. Transformation

This step is to recover the nick on the mutated plasmid by transforming E. coli with the PCR m
ixture treated with MutazymeTM Enzyme. Transformation can be performed according to conv
entional methods.

Muta-DirectTM Control Reaction (50 μl reaction volume)

Muta-DirectTM Reaction Buffer (10×) 5 μl

pUC18 Control Plasmid (10 ng/μl) 2 μl

Control Primer Mix (20 pmole/μl) 2 μl

dNTP mixture 2 μl

dH2O 38 μl

Muta-Direct™ Enzyme (2.5 U/μl) 1 μl

Muta-DirectTM Control Reaction (50 μl reaction volume)

Muta-DirectTM Reaction Buffer (10×) 5 μl

Sample plasmid (10 ng/μl, total 20ng) 2 μl

Sample forward primer (10 pmole/μl) 1 μl

Sample reverse primer (10 pmole/μl) 1 μl

dNTP mixture 2 μl

dH2O 38 μl

Muta-Direct™ Enzyme (2.5 U/μl) 1 μl

1. Use directly 1-10 μl of Mutazyme™ Enzyme–treated PCR mixture for the  transf
ormation of aliquot 50 μl of the competent cells.
Note : To check the amount of mutated plasmid, electrophorese 10 μl of Mutazyme™ Enzyme
– treated PCR mixture on a 1% agarose gel.
Note : The Muta-DirectTM Site-Directed Mutagenesis Kit is compatible with a wide range of ch
emically modified competent cells which are available from iNtRON. In particular, DH5α, JM1
09 and TOP10 competent cells are appropriate to blue/white colony selection and exhibit the
high transformation efficiency. Use 3-10 μl aliquot of ligation mixture to transform competent
cells.

2.Thaw the competent cells on ice. When thawed, gently mix and aliquot 50 μl of  
competent cells into each of pre-chilledtube.

3. Add a Mutazyme™ Enzyme–treated PCR mixture (<2.5μl) directly to the compet
ent cells. Stir gently to mix and return the tube to the ice, making sure that the
tube is immersed on ice except for the cap. Repeat for additional samples.
Note :Transformation efficiencies can be increased several fold by diluting the ligated produc
ts 5-fold with TE or water prior to adding the DNA to the competent cells.
Note : We recommend the adding volume of Mutazyme™ Enzyme–treated PCR to below 2.5 μl
when you use 50 μl of competent cells. If you need to use much more volume (~10 μl), you s
hould increase the volume of competent cell up to 100 μl.

4. Incubate the tubes on ice for 30min.

5. Heat the tubes for exactly 90 sec. (DH5α = 90sec, XLI-BLUE = 45 sec,
JM109/TOP10 = 30 sec) in a 42℃water bath or heat block; do not shake.
Note : This “Heatshock” step is most easily accomplished if the tubes are in a rack that leave
s the lower halves of the tubes exposed. Hold the rack in the water bath so that the lower hal
ves of the tubes are submerged for 90sec, and then replace the rack on ice.

6.Place the tubes on ice for 5 min.

7. Add 250 μl of pre-heated SOC medium (provided) or 950 μl LB medium (not  pro
vided) (w/o antibiotics) to each tube.

8. Incubate for 1hr at 37℃at the shaking incubator.

9. During incubation, spread 40 μl of X-Gal Soln. (40mg/ml) and 4 μl of IPTG Soln
.(400mg/ml) of α-Complementation Solution (iNtRON, Cat.No. 15032) onto LB
agar plate (containing appropriates elective marker; antibiotics) and allow thes
e components to absorb for 30 minutes at 37℃prior to platingcells.
Note : Selection for transformants are accomplished by plating on medium containing antibiot
ic(s) for the plasmid-encoded drug resistance(s).

10.After incubation, harvest incubated cell mixture. Then 150 μl of pellet and
media leave the tube and remove supernatant.

11.Resuspend cell pellet, and spread on dried LB agar plate (w/antibiotics).  12

.Incubate the plate at 37℃for overnight(14~16hr) then select a mutant clone.

◈Expected Results for the Control Transformations

1.The expected colony number should be between 50 and 800 colonies.
Greater than 80% of the mutagenized control colonies should contain t
he mutation and appear as blue colonies on agar plates containing IPT
G and X-gal.
Note : The mutagenesis efficiency (ME) for the control plasmid is calculated by the  
following formula:

Number of mutant colony forming units (cfu)
ME = 

Total number of colony forming units (cfu) 
×100%

2.If transformation of the pUC18 control plasmid was performed, the tra
nsformation efficiency should be >250 colonies (>108 cfu) with >98% h
aving the blue phenotype.
Note : The insert of interest should be sequenced prior to further experimentation t
o  ensure the most accurate results.

iNtRON offers ready-to-use competent cells for optimized transformation.
(refer to related products)
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TROUBLESHOOTING GUIDE

Low  transfor
mation  effici
ency or  low c
olony  number

pipetted with the Mutaz
yme™ Enzyme- treated
DNA while transferring t
o the transformation re
action

• Insufficient amount of • Visualize the DNA template on a gel to verify  
DNA template  used in the the quantity and quality
reaction

• Too much mineral oil • Using the smallest pipet tips available, insert
the pipet tip completely below the mineral lay
er overlay and clear the pipet tip while subme
rged beneath the mineral oil overlay before c
ollecting the sample

mutant DNA synthesized
in the reaction

Enzyme treated DNA used in the transformation
reaction to 4 μl

Low  mutag
enesis  effi
ciency or  lo
w colony  n
umber with  
the control  
reaction

amplification products

• Little or no linear • Following temperature cycling, resolve a sample
of the control reaction by electrophoresis on
an agarose gel; if no product is observed at
4.5 kb, adjust the cycling parameters for the
control reaction

gal and IPTG on the agar  
plates

• Insufficient amounts of X- • Prepare the LB–ampicillin agar plates for the

transformed control cells by pipetting 20 μl of
10% (w/v) X-gal (prepared in DMF) and 20 μl o
f 100 mM IPTG (prepared in filter-sterilized d
H2O) into a 100-μl pool of NZY+ broth and th
en spreading the mixture across the plate

cyclers may contribute t
o variations in ramping
efficiencies

• competent cells stored at • Store the competent cells immediately at the  a
n improper temperature bottom of a –80°C freezer

• Differences in thermal • Adjust the cycling parameters for the control
reaction and repeat the protocol for the samp
le reactions. For the best visualization of the
blue (β- gal+) phenotype, the control plates
must be incubated for at least 16 hours at 37
°C

to multiple freeze-thaw  
cycles

• Subjecting the dNTP mix • Thaw the dNTP mix once, prepare single-use
aliquots, and store the aliquots at –20°C. Do
not subject the dNTP mix to multiple freeze-
thaw cycles

Low  mutage
nesis  efficie
ncy with  the 
sample  react
ion(s)

cyclers may contribute t
o variations in ramping
efficiencies

• Differences in thermal • Adjust the cycling parameters for the sample
reaction

• Improper mixing 
of  reagents

• Add the Mutazyme™ Enzyme restriction enzy
me below the mineral oil overlay in the diges
tion step and ensure proper mixing of all co
mponents in the reaction especially the Muta
zyme™ Enzyme

contains too many DNA  
template

• The amplification reaction • The Mutazyme™ Enzyme must be able to
completely digest the parental template in th
e time allotted for the digestion; repeat the
digestion if necessary

to multiple freeze-thaw  
cycles

• Subjecting the dNTP mix • Thaw the dNTP mix once, prepare single-use
aliquots, and store the aliquots at –20°C. Do
not subject the dNTP mix to multiple freeze-
thaw cycles

DNA was not methylated
• The parental plasmid • Check the Host E. coli Strain. If the host strain

has dcm or dam gene, the parental plasmid
DNA will not be methylated. Therefore the M
utazyme can not be activated to digest paren
tal DNA.

False  positives
poor

• Quality of the primers is • Radiolabel the primers and check for
degradation on an acrylamide gel or re- synt
hesize the primers

• False priming • Increase the stringency of the reaction by inc
reasing the annealing temperature to within
5°C of the melting temperature of the mutatio
n primers

Observation Possible cause(s) Suggestion(s)

◈ Primer designexample

The example below is for a primer design with a mutation of GCG→ACG.

5′ CCTCCTTCAGTATGTAGGCGACTTACTTATTGCGG-3′

• Insufficient amount of • Increase the amount of the Mutazyme™

The case above with adding 5 nucleotides to original primers (italic and underli
ned),  the primers has 45.7% of GC and 35 of L value. With these data, Tm is re
-calculated  to be 80.952°C (Tm=0.41×45.7-675/35+81.5). This designed prim
er may be used.

◈Mutagenesisexample

The example below is for mutagenesis with a mutation of GCG→ACG.

[Reaction Mixture]

[PCR Condition]

[Sequencing Analysis]
Sequencing result of the mutated plasmid is as foll
ows.

EXPERIMENTAL INFORMATION

Segment Cycle Temperature Time

1 1 cycle 95°C 30 sec

2 15 cycles

95°C

55°C

72°C

30 sec

1 min

6 min 30 sec (plasmid length 6.3 kb)

1) At the first step, design the forward and reverse primers which are 30 bp eachin
length with locating A (or T) in the middle of the primer.

Primer #1: 5′-CCTTCAGTATGTAGACGACTTACTTATTGC-3′
Primer #2: 5′-GCAATAAGTAAGTCGTCTACATACTGAAGG-3′

2) This primer has 40% of GC and 30 of L value. With these data, Tm is calcu
lated  to be 75.4°C (Tm=0.41×40-675/30+81.5). If Tm is under 78°C, that i
s not an  appropriate primer.

3) In this case, it is necessary to adjust the length of primer.

Primer #1: 5′-CCTCCTTCAGTATGTAGACGACTTACTTATTGCGG-3′
Primer #2: 5′-CCGCAATAAGTAAGTCGTCTACATACTGAAGGAGG-3′

B
ef

or
e

m
ut

ag
en

es
is

CC T CC TT C A G T A T G T A G G C G A C T T A C TT A TT G C GG

A
ft

er
m

ut
ag

en
es

is

CC T CC TT C A G T A T G T A G A C G A C T T A C TT A TT G C GG

Muta-DirectTM Control Reaction (50 μl reaction volume)

Muta-DirectTM Reaction Buffer (10×) 5 μl

Sample plasmid (6.3kb, 10 ng/μl, total 20 ng) 2 μl

Sample forward primer (10 pmole/μl) 1 μl

Sample reverse primer (10 pmole/μl) 1 μl

dNTP mixture 2 μl

dH2O 38 μl

Muta-Direct™ Enzyme (2.5 U/μl) 1 μl
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Product Name Cat. No.

MacCellTM-DH5α 15052/15053/15054

MacCellTM-Top 10 15055/15056/15057

DNA-spinTM Plasmid DNA Extraction Kit 17096/17097/17098

LINKeedⓇRapid DNA Ligation Kit (Version 2.0) 15023

α-Complementation Solution 15032

pLUG Ⓡ TA-Cloning Vector Kit 11041

RELATED PRODUCTS
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◈ Preparation of media andreagents

LB Agar (per Liter)
• 10 g of NaCl
• 10 g of tryptone
• 5 g of yeast extract
• 20 g of agar
• Add deionized H2O to a final volume of 1 liter
• Adjust pH to 7.0 with 5 N NaOH
• Autoclave
• Pour into petri dishes (~25 ml/100-mm plate)

LB–Ampicillin Agar (per Liter)
(Use for reduced satellite colony formation)
• 1 liter of LB agar
• Autoclave
• Cool to 55°C
• Add 50 mg of filter-sterilized ampicillin

• Pour into petri dishes (~25 ml/100-mm plate)

NZY+ Broth (per Liter)
• 10 g of NZ amine (casein hydrolysate)
• 5 g of yeast extract
• 5 g of NaCl
• Adjust to pH 7.5 using NaOH
• Autoclave
• Add the following supplement prior to use
• 12.5 ml of 1 M MgCl2 and 12.5 ml of 1 M MgSO4
• 10 ml of a 2 M filter-sterilized glucose solution or 20 ml of
• 20% (w/v) glucose
• Filter sterilize

Preparing the Agar Plates for ColorScreening
Prepare the LB-ampicillin agar plates for blue–white color screening 30 minutes
prior to plating the transformations. Pipet 20 μl of 10% (w/v) X-gal and 20 μl of 1
00 mM IPTG into a 100-μl pool of NZY+ broth, and then spread the mixture acros
s the plate. Prepare the X-gal in dimethylformamide (DMF). Prepare the IPTG in st
erile DDW. Do not mix the IPTG and the X-gal before pipetting them into the pool
of NZY+ broth because these chemicals may precipitate.

◈Symbols

Research Use Only Catalog Number

Sufficient for 15 Tests Store at -22 ~ -18℃

Trademarks: iNtRON, DNA-spin™, DNA-midi™, DNA-maxi™, PCRquick-spin™, MEGA-spin™, MEGAquick-spin™, MEGA-bead™, PROBER™,
G-DEX™, G-spin™, Viral Gene-spin™, easy-spin™, RNA-spin™, easy-BLUE™, easy-RED™, WEST-one™, WEST-ZOL™, PRO-PREP™, SMART™,
PRO-MEASURE™, Genelator™, F-Detector™, Broad-Way™, PRO-STAIN™, pLUG, Maxime™, i-Taq™, i- StarTaq™, i-MAX™, i-StarMAX™, RedS
afe™, Muta-Direct™, e-Myco™, M-Solution™, CENDORI™, VeTeK™, iNNOPLEX™, GxN™, teleFAXgene™, CLP™ and IQeasy™ is a trademark
of iNtRON Biotehcnology, Inc.
iNtRON kits are intended for research use only. Prior to using them for other purposes, the user must validate the system in complianc
e with the applicable law, directives,and regulations.
The PCR process is covered by patents issued and applicable in certain countries. iNtRON Biotechnology, Inc. does not encourage or s
upport the unauthorized or unlicensed use of the PCR process. Use of this product is recommended for persons that either have a lice
nse to perform PCR or are not required to obtain alicense.
© 2011 iNtRON, all rightsreserved.
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