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[ Abstract ] Background and objective The methods for introducing point mutations into target genes are impor-
tant for dissecting the relationship of gene structure and function. Up to date, there are numbers of protocols available for the
purpose. However, many of them are suited for introducing single site mutation into the target gene. For introducing multiple-
site mutations simultaneously into the target genes, it is required to further improve the related methods. Methods In this
report, we describe an improvement on the type IIs restriction enzyme-dependent site-directed mutagenesis method and the
improved protocol is highly efficient for multiple-site mutagenesis. In our method, a pair of mutagenic primers are synthesized
for each desired site and each mutagenic primer contains a selected type IIs restriction site. The DNA fragments between two
neighboring sites are amplified with PCR. All amplified fragments are then digested by the selected Type IIs restriction enzyme.
The expected mutant is eventually generated by ligation of these digested DNA fragments. Results The improved protocol is
very easy and can be achieved in just one day. As a proof of principle, we have introduced multiple-site, i.e., 3-site or 4-site mu-
tations into the fusion gene of nm23 and EGFP (enhanced green fluorecence protein). The mutagenic frequencies are almost
reached 100%. Conclusion Our protocol provides a useful tool for gene function research.

[ Keywords ] Multiple-site mutagenesis; Mutagenic primers; Type Ils restriction enzyme
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Tab 1 Oligonucleotides used in the experiments

Site Sequences 5’-3’

Site1A 5’-gatgacgtctcagaagcagccatggccaactgtgagegtaccttcattgcgatca-3’
Site1B 5’-gcttaaccgtctctcttccttgagctcgagatctgagtccggtag-3’
Site2A 5’-gaacacgtctcaattcgcacttgttggtctgaaattcatgcaagcttccg-3’
Site2B 5’-gataacgtctctgaatcctttctgctcaaaacgcttgataatctcte-3”
Site3A 5’-gaagacgtctcactctgcagactccaagcctgggaccatceg-3’

Site3B 5’-gaaatcgtctcaagagagcatgactcggcccgtcttcaccacattcag-3’
Site4A 5’-gcgatcgtctctgcttttcaccctgaggaactggtagattacacgage-3°
Site4B 5'-gtttccgtctccaagccaagecgatctecttctctgcactcte-3”

The type lls restriction enzyme site, Esp3l, is underlined. The mutational sites are in red.

B 1 Esp 3B m REWRIZREE

Fig 1 The recognition sequence of Esp 3l and the schematic representation of the method
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2 nm23-EGFPREEEEFFIPRIREML =
Fig 2 Sequence of the nm23-EGFP fusion gene and the desired

mutagenic sites
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Fig 3 Sequencing results of the mutants. A: mutational rate of the

mutants; B: sequencing maps of the mutants.
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