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Construction of transgenic mice with A15 Des enzyme activity
by using a PiggyBac transposon

WANG Ying', YANG Shisai', ZHAO Xuan', LI Ya?, LU Lulu?, ZHU Guiming'?

1 Key Laboratory of Biology and Medical Engineering, College of Biology and Engineering, Guizhou Medical
University, Guiyang 550025, Guizhou, China
2 Engineering Research Center of Medical Biotechnology, College of Biology and Engineering, Guizhou Medical
University, Guiyang 550025, Guizhou, China
Abstract: Essential fatty acids are those that could not be synthesized by the body itself but crucial for
health and life. Studies have shown that ®-3 fatty acids may facilitate human physiological functions.
Mammals lack -3 desaturase gene, and the A15 fatty acid desaturase (A15 Des) from Caenorhabditis
elegans can transform the -6 polyunsaturated fatty acids (PUFAs) into ®-3 PUFAs. Transgenic mice
expressing A15 Des enzyme activity was constructed by using a PiggyBac transposon (PB). Homozygous
transgenic mice with stable inheritance was bred in a short time, with a positive rate of 35.1% achieved. The
mice were fed with 6% ©-6 PUFAs and the changes of fatty acids in mice were detected by gas
chromatography (GC). The expression level of A15 Des in mice was detected by quantitative PCR (qPCR)
and Western blotting (WB). qPCR and GC analysis revealed that the percentage of positive mice harboring
the active gene was 61.53%. Compared with traditional methods, the transformation efficiency and activity
of A15 Des were significantly improved, and homozygotes showed higher activity than that of heterozygotes.

This further verified the efficient transduction efficiency of the PiggyBac transposon system.

Keywords: PUFAs; A15 fatty acid desaturase; PiggyBac transposon; transgenic
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Table 1 Sequences of target gene and internal reference primers

Primers Primer sequences (5'—3") Tm (°C) Size (bp)
BactinG-s GATGACCCAGATCATGTTTGAGACC 63.7 281
Bactin-a TGTCACGCACGATTTCCCTCTC 64.6

Bactin-s TGTGCTGTCCCTGTATGCCTCTG 64.8

Bactin-a TGTCACGCACGATTTCCCTCTC 64.6 221
TgN3-R1 CTCTCCTGAAGGCGTCCACTG 64.7

TgN3-F1 GTTCGGCTTCTGGCGTGTGTG 63.0 255
TgN3-R2 ATATGTCCTTCCGAGTGAGAGACAC 60.8

TgN3-F2 TCAGGACCACACTGGAAGAGAAG 320
snD-s ACGTGAACGCCAACACCAAGC 65.4

snD-a TGTCACGCACGATTTCC 66.0 234
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Schematic diagram of the PiggyBac-CeN3 element, shown in an original order of 5'—3".
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B-actin
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2 HERFRNRAPCREE

11 12 13 14 15 16 17 21 23 M P WT Water bp

281

320

255

Figure 2 PCR identification of transgenic mice. The upper part shows the internal reference, the middle part
shows the first pair of primers (TgN3-F1/TgN3-R1), and the lower part shows the detection results of the

second pair of primers (TgN3-F2/TgN3-R2).
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Figure 3  Partial sequencing peak diagram of the PiggyBac-CeN3 recombinant vector.
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Identification of transgenic mice by RT-PCR.
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Figure 5 GC identification results of transgenic mice of various strains. (A) WT mice. (B) 4# mouse. (C) 3#
mouse. (D) 7# mouse. (E) 11# mouse. (F) 12# mouse. (G) 13# mouse. (H) 14# mouse. (I) 16# mouse. (J) 21#
mouse. A and B are typical maps of mouse GC, while C—J only show significant changes of important fatty
acids after transgenic operation. Except that A is wild type mouse and C is 3# mouse representing negative
mouse, all the other mice are GC positive mice.
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M WI 1 2 3 4

15 Des [N

6 HAETHERNRMIEZFAR PCREE
Figure 6 PCR identification of lateral cross

progeny of homozygous transgenic mice. There are
4 offspring in lanes 1—4 respectively.

4 -

ek

Control HE  HO
7 qPCR#&M A15 Des 7£ /)7 FR AT AR 4H 48 B9 %E
FRIE  *: P<0.05, **: P<0.01

Figure 7 Detection of transcription and expression
of A15 Des in mouse liver by qPCR. The abscissa is
the group, and the ordinate is the standardized value

(*: P<0.05, **: P<0.01).
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Figure 8 Western blotting analysis of mouse liver
tissue. 1: WT; 2: HE; 3: HO.
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Figure 9 Chromatogram of polyunsaturated fatty acids in liver tissue. (A) WT. (B) HE. (C) HO.
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Fz 2 Al15Des HBERE/NRITAEIEFERRIR SIS =

%)

Table 2 Composition and content of fatty acids in liver of A15 Des transgenic mice (%)

Fatty acid type Control (WT) Heterozygote (HE) Homozygote (HO)
16:0 21.55+1.33" 22.46£1.07° 25.68+1.96°
16:1n-7 0.54+0.17° 0.47+0.04° 2.82+0.39°
18:0 16.85+2.81° 18.28+1.94 13.73+1.01°
18:1n-9 4.7240.69° 5.15+0.36° 11.23+1.76°
18:1n—7 0.67+0.50° 0.7040.12° 3.24+0.41°
18:2n-6 17.37+0.62 17.34%1.26 17.93+0.66
18:3n-3 0.1240.05° 0.64+0.07° 1.98+0.14%
20:2n-6 0.40+0.23 0.31£0.15 0.43%0.09
20:3n-6 0.630.29 0.54+0.10 0.4240.17
20:4n-6 30.0542.73% 12.99+1.47° 0.77+0.13¢
20:5n-3 0.5240.09" 9.50+0.82° 9.94+0.84°
22:2n-6 0.4140.05° 0.1520.02° 0.03+0.01°
22:4n-6 1.34+0.17° 0.23£0.02" 0.07+0.02°
22:5n-3 0.7120.06° 2.94+0.38° 1.70+0.13°
22:6n-3 2.62+0.14° 8.17+0.83 10.16+1.04*
Total n—6 50.2044.11% 31.56+3.03° 19.65+1.08°
Total n-3 3.97+0.35° 21.2542.13° 23.7843.22°
n—6/n-3 12.64+1.13° 1.490.15° 0.83+0.09°

Note: the data in the table are the percentage of fatty acid content in the liver of three groups of mice, and the value is the
average of repeated experiments in the liver of five mice, which is expressed as the average standard deviation. The letters
after the data indicate significant differences between the numerical values (P<0.05) (one-way ANOVA, Duncan’s test).
14:0-myristic acid; 16:0-palmitic acid; 16:1n—7-palmitoleic acid; 18:0-stearic acid; 18:1n—9-oleic acid; 18:1n—7-octadecenoic
acid; 18:2n—6-linoleic acid, LA; 18:3n-3-o-linolenic acid, ALA; 20:2n—6-eicosadienoic acid; 20:3n—6-eicosatrienoic acid;
20:4n—6-ARA; chidonic acid, ara; 20:5n—3-eicosapentaenoic acid, EPA; 22:2n—6-docosadienoic acid; 22:4n—6-docosatetraenoic
acid; 22:5n—3-docosapentaenoic acid, DPA; 22:6n—3-docosahexaenoic acid, DHA.
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