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Development of a codon-based mutagenesis method enabling deletion, substitution,
and insertion of codons

Okano, Kenji

3,300,000

PCR 3 TypellS

PCR

Directed evolution of enzyme, which is based on introduction of mutation
and following selection of functional mutant enzyme, is a powerful technique for improving the
function of enzyme. To expand the variety of mutant, in this study, | developed a mutagenesis method

allowing deletion, substitution, and insertion of codons for the target codon of the target gene.

Specifically, inverse PCR was performed using a plasmid containing the target gene as a template,
and adapter sequences were added to both termini of the target codon. The adapter sequence contains
recognition sequences for three types of Type IIS restriction enzymes. By using different types of
restriction enzymes and following self-ligation, deletion, substitution, and insertion of codons

into target site were successfully achieved. The method was also successfully applied to all codons
of the target gene to create a mutant enzyme library.
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WT  ACC GAA ATT

WT ATT AAT AGC

WT GGTGTT AGC

Mut1 ACC --- ATT Mut3 ATT --- AGC Mut5 GGT --- AGC
Mut2 ACC --- ATT Mut4 ATT --- AGC Mut6 GGT --- AGC
124, f: 155 — 188 *=

cat cat

[

WT  AAT GGT AGC
Mut7 AAT --- AGC
Mut8 AAT --- AGC

WT  CTG AAT ATT
Mut9 CTG --- ATT
Mut 10 CTG --- ATT

WT CTG CAG GTT
Mut 11 CTG --- GTT
Mut 12 CTG CAG GTT
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62& B nary

93FHBMary

WT  ACC GAA ATT
Mut1 ACC TCG ATT
Mut2 ACC TTC ATT
Mut3 ACC TAG ATT
Mut4 ACC GAG ATT

WT  ACC AAT ATT
Mut5 ACC CTG ATT
Mut6 ACC ACG ATT
Mut7 ACC TTG ATT
Mut8 ACC GTG ATT

WT  GGT GTT AGC
Mut9 GGT ATG AGC
Mut 10 GGT CTG AGC
Mut 11 GGT ATG AGC
Mut 12 GGT - TG AGC

124 B0k

155& B DIk

186F B Dk

WT  AAT GGT AGC
Mut 13 AAT ATG AGC
Mut 14 AAT TAC AGC
Mut 15 Fprimer{s#0

WT  CTG AAT ATT
Mut 17 CTG GTC ATT
Mut 18 B2 51| (24858

Mut 19 CTG G -- ATT

WT CTG CAG GTT
Mut 21 CTG --G GTT
Mut 22 CTG GGG GTT
Mut 23 CTG GTC GTT

Mut 16 AAT TTG AGC Mut 20 CTG GGG ATT Mut 24 6152 R %
3
32FB DRy 62&B MakY 93FHE DLy
WT  ACC GAA ATT | |[WT  ATT AAT AGC | |WT  GGTGTT AGC

Mut1 ACC GAA TTC ATT
Mut2 ACC GAA GTG ATT
Mut3 ACC GAA TTC ATT
Mut4 ACC GAA GCG ATT

Mut5 ATT AAT GC- AGC
Mut6é ATT AAT CCG AGC
Mut7 ATT AAT TTG AGC
Mut8 ATT AAT TGG AGC

Mut9 GGT GTT AAC AGC
Mut 10 GGT GTT GTG AGC
Mut 11 GGT GTT TCG AGC
Mut12 GGT GTT TTG AGC

124& B Dk 155& B Dk 186&FB Mk
WT  AAT GGT AGC| |WT  CTG AAT ATT | |WT CTGCAG GTT
Mut 13 AAT GGT TTC AGC| |Mut17 CTG AAT GGC ATT | |Mut21 CTGCAG CGC GTT
Mut 14 AAT GGT CAG AGC| |Mut18 CTG AAT AAG ATT | |Mut22 CTGCAG GGC GTT
Mut 15 AAT GGT GCG AGC| |Mut19 CTG AAT ACC ATT | |Mut23 CTGCAG GTG GTT
Mut 16 AAT GGT GTG AGC| |Mut20 CTG AAT TAG ATT | |Mut24 CTGCAG TGG GTT
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210

WT TTG GAT GGT

WT  GAT GGT TAT

WT  GGT TAT CAT

Mut1 TTG --- GGT Mut3 GAT --- TAT Mut5 GGT --- CAT
Mut2 TTG --- GGT Mut4 GAT --- TAT Mutc OfsE &4k
199%& B DKy 201& B DakY 202& B D3k

WT GGTCTGTTT

WT  TTT ATG AAT

WT  ATG AAT AGC

Mut7 GGT =--- TTT Mut9 TTT --- AAT Mut 11 ATG --- AGC
Mut8 GGT =--- TTT Mut10 TTT --- AAT Mut 12 ATG --- AGC
203FB Maky 204FB Dk 205 B OakFY

WT  AAT AGC ATT

WT  AGC ATT CAA

WT  ATT CAA GAA

Mut 13 AAT --- ATT Mut 15 AGC --- CAA Mut 17 ATT --- GAA
Mut 14 AAT --- ATT Mut 16 AGC --- CAA Mut 18 ATT --- GAA
208&FB DKy 210FHDakY 214&BOakY

WT  TTA AGC GAT
Mut 19 TTA --- GAT
Mut 20 TTA --- GAT

WT  GAT CGT CCG
Mut 21 203 B AR %k
Mut 22 GAT --- CCG

WT  GAT TGG CTG
Mut 23 GAT --- CTG
Mut 24 GAT --- CTG
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