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Overexpression of four fatty acid synthase genes elevated the
efficiency of long-chain polyunsaturated fatty acids
biosynthesis in mammalian cells

Guiming Zhu, Abdulmomen Ali Mohammed Saleh, Said Ahmed Bahwal, Kunfu Wang,
Mingfu Wang, Didi Wang, Tangdong Ge, and Jie Sun

College of Basic Medicine, Jiamusi University, Jiamusi 154007, Heilongjiang, China

Abstract: Three long-chain polyunsaturated fatty acids, docosahexaenoic acid (DHA, 22:6n-3), eicosapentaenoic acid
(EPA, 20:5n-3) and arachidonic acid (ARA, 20:4n-6), are the most biologically active polyunsaturated fatty acids in the
body. They are important in developing and maintaining the brain function, and in preventing and treating many diseases
such as cardiovascular disease, inflammation and cancer. Although mammals can biosynthesize these long-chain
polyunsaturated fatty acids, the efficiency is very low and dietary intake is needed to meet the requirement. In this study, a
multiple-genes expression vector carrying mammalian A6/AS fatty acid desaturases and A6/AS fatty acid elongases coding
genes was used to transfect HEK293T cells, then the overexpression of the target genes was detected. GC-MS analysis
shows that the biosynthesis efficiency and level of DHA, EPA and ARA were significantly increased in cells transfected
with the multiple-genes expression vector. Particularly, DHA level in these cells was 2.5 times higher than in the control
cells. This study indicates mammal possess a certain mechanism for suppression of high level of biosynthesis of long chain
polyunsaturated fatty acids, and the overexpression of A6/A5 fatty acid desaturases and A6/AS fatty acid elongases broke
this suppression mechanism so that the level of DHA, EPA and ARA was significantly increased. This study also provides a
basis for potential applications of this gene construct in transgenic animal to produce high level of these long-chain
polyunsaturated fatty acid.

Keywords: polyunsaturated fatty acid, fatty acid desaturase, fatty acid elongase, multiple-gene expression vector
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5 mL (LA) o RNA RT-PCR
(ALA) 90% ( )
Lipofectamine 2000 RNA
pcDNA3.1-F2F1-E5E2 RNA mRNA
pcDNA3.1-EGFP 8 ug cDNA 2 uL PCR
48 h 0.25% PCR 25 ul PCR
(
123 RT-PCR ActD-s ActD-a
1/3 RT-PCR B-actin)
Primer name Primer sequence (5'-3") Tm (C) Size (bp)
Fd2D-s TTCGGGAGAAGATGCTACGGATG 65.3
Fd2D-a AAGGCTGTGACGAGGGTAGGAATC 65.0 309
Fd2D-s TCGGGAGGGAAAAGAAGAAGCAC 65.9
Fd2D-a GTGAAGGTAAGCGTCCAACCAGAG 64.3 584
Fd2D-s ACCTTGGACTCACACTGCTGTCTCTG 66.0
Fd2D-a TGGTGGTCCTTCAGGTGGTCTTTC 66.3 604
Fd2D-s TGTGTCTTGAACTGGATACCTTGTGG 64.4
Fd2D-a AAAACCATTCTTCACTTCTTTCCCTG 63.8 363
Fd2D-s CTGAGAGGGAAATCGTGCGTGAC 65.7
Fd2D-a TGCCACAGGATTCCATACCCAAG 65.5 210
PCR 5uL GC-MS
HP-5890/HP-5971
1.2.4 GC-MS Kang .
213 13 HitH
3 1000 r/m 5 min X+s ( +
1 mL 2.5% H,SO4/ ) Student’s
80 C 90 min 1.5 mL t-test P<0.05
0.9% NaCl 1 mL
3 000 r/min 5 min
-80 C

cjb@im.ac.cn



1468 ISSN 1000-3061 CN 11-1998/Q Chin J Biotech September 25,2014 Vol.30 No.9

2 HEREAM

21 ANSNEEMEEBERAIINTBRIE
pcDNA3.1-F2F1-ESE2
pcDNA3.1-EGFP

«C )
2 pcDNA3.1-EGFP
43 h pcDNA3.1-F2F1-E5E2 fads2
90% fadsl elovl5 elovl2 4
48 h LA ALA
RNA RT-PCR LA ARA (20:4n-6)
pcDNA3.1-F2F1-E5E2 21:4n-6 ALA EPA (20:5n-3)
(1 DPA (22:5n-3)  DHA (22:6n-3) ®-3
22 SMNEEREEMEBRIZIEST LA M EPA DPA
ALA [a4€4% PUFAs 5 1L B9 8¢ DHA 2 DHA
RT-PCR 4 ®-3
-3
GC-MS -6
4
-6 ®-3

fads2 fadsl elovls elovi2 [-actin

1 RT-PCR &M EFMAM T BHEE fads2. fadsl. elovl5 # elovI2 Hy%% R & ik
Fig. 1 fads2, fadsl, elovl5 and elovl2 transcripts in transfected cells were analyzed by RT-PCR. M: DNA markers;
1: cells transfected with pcDNA3.1-EGFP; 2: cells transfected with pcDNA3.1-F2F1-ESE2.
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Fig. 2 Partial gas chromatograph traces showing fatty acid profiles of total cellular lipids extracted from the control
cells transfected with pcDNA3.1-EGFP (A) and the cells transfected with pcDNA3.1-F2F1-E5E2 (B).
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Table 1 PUFA composition of total cellular lipids from the HEK293T cells transfected with pcDNA3.1-EGFP
or pcDNA3.1-F2F1-E5E2

Mol % of fatty acids EGFP F2F1-E5SE2
®-6 polyunsaturates

18:2n-6 25.47+1.95° 18.22+1.71°
20:3n-6 6.37+0.73 5.67+1.71
20:4n-6 16.48+1.01° 20.65+1.26°
22:4n-6 1.12+0.06° 2.43+0.11°
22:5n-6 3.74+0.21 3.64+0.23
Total 53.18+4.08 50.61+3.65

-3 polyunsaturates

18:3n-3 27.71+1.88° 12.95+1.59°
20:4n-3 5.99£0.90 5.26+0.82
20:5n-3 2.62+0.33° 8.09+0.49°
22:5n-3 4.49+0.35° 8.09+0.68"
22:6n-3 5.9940.56" 14.98+0.64°
Total 46.80+3.41 49.37+4.57
®-6/m-3 ratio 1.14+0.30 1.02+0.22

Notes: values are means of three measurements. Values for each fatty acid with the same letter do not differ significantly (P<0.05)
between control (EGFP), sEgD4 and sScD4.
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