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Modification and decoration of transposase: a review
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Abstract: Transposons are the mobile and autonomic replication DNA fragments in genomes. With more understanding
of the structure and function of transposons, numerous transposons have been developed to the genetics tool for gene
function analysis, gene transformation and gene therapy. The low transpositional activity of the natural transposons is the
main obstacles to the utilization of transposons. Recently, with the progress in bioinformatics and protein engineering
methods, researchers have reconstructed and optimized natural transposases to create hyperactive transposases that catalyze

the transposition with high efficiency. The resulted hyperactive transposons have been applied to gene-modification and
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gene-tagging. Meanwhile, transposase chimeras were created by protein fusion technology. The insertion characteristic of

transposons were artificially regulated which could be utilized in gene therapy.

Keywords: transposon, hyperactive transposase, the efficiency of the transposition, insertion characteristic
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Table 1  Artificial reconstruction and modification of transpsoases

Transpsoase Modified methods

Mutation sites Transposition activity after modification

DNA fragment fusions and the

site-directed mutations

SB t .
Tansposase The randomly combination

Transposition activation!'*!

K14R K33A F115H 120-fold*3!

and the site-directed mutations 214DAVQ M243H T314N

DNA fragment homologous

Hsmarl ..
recombination and the

transpsoase . . g
site-directed mutations

Himarl . . .
Site-directed mutations

transpsoase

Mosl . . .
Site-directed mutations

transpsoase

PB transposase . . .
P site-directed mutations

The error-prone PCR and the

Transposition activation!'®!

H267R About 10-fold!'”
Q131R About 4-fold!"”?
E137K About 20-fold!'”
Q131R and E137K About 50-fold!!”!
Q91IR 9-fold!"!

E137K 1.4-fold!”!
T216A 15-fold!"!

200—800 fold or more which lead to the

FET (F53Y, E137K, T216A) [19]

cell toxic effects

M282V 2-7 fold™??

P transpsoase The site-directed mutations S129A More than 1.72-fold?¥
E249A About 5-fold 2!
E336A About 3-fold 12!
D459A About 4-fold™*
AcTPase The site-directed mutations D545A About 3.5-fold!*®
E249A/E336A About 11-fold%
D459A/D545A About 13- fold™*
E249A/E336A/D459A/D545A More than 100-fold™®
SB 1.45% E2C 20 kb
Hela E2C SB N [29)
E2C SB
erbB-2 E2C 179 bp E2C
1.44% E2C SB
C N57 E2C SB LINE1 SB
erbB-2 LINE1 AT
E2C 732 bp
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Table 2 Artificial regulation of insertion sites based on transposase fusion

Methods Transposons

Original insertion characteristics

Insertion characteristics after the artificial decoration

Zinc
finger SB
proteins
Gal4
DBD PB
SB
AAV PB
Rep
Tol2

Close-to-random insertion

Prefer to insertion into the
transcription sites and the
upstream region

Close-to-random insertion

Prefer to insertion transcription
sites and the upstream region
Prefer to inserted into the
transcription units and
transcription initiation region

Zinc finger E2C could direct SB insertion near 179 bp and
732 bp upstream the E2C binding site in the region of the
erbB-2 promoter in the human genome with the insertion
frequency of1.44% and 1.45%, respectively. With ZF-B fusion
binding to the transposase N-terminal, C-terminal and N57 of
SB100X, the insertion frequencies were four times and
2.4 times than that of wild SB100X, respectively B
C-terminal 77% of PB Gal4 insertion near 800 bp of the UAS,
and 32% of the PB Gal4 near 250 bp of the Gal4 UASP
N-terminal: 87% of Gal4 PB insertion near 800 bp of the UAS,
where 47% of Gal4 PB insertion near 250 bp of the Gal4 UAS B!
30% Rep/SB insertion near 700 bp downstream of the RRS,
with the insertion frequency 15-fold than wild-type *”]

No significant insertion bias near the RRSE”)

The insertion frequency near RRS of Rep/Tol2 was 4-fold than
wild-typel*”
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