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Fig. 1 Biosynthesis pathway of PUFAs
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Table 1 Primers used for FAT-2 codon

modification and Northern blot

Name Sequences

P1-F 5" CCAGAAGCTTAAGATGACAATCGCTACAA 3’
P1-R 5" ACTGATGGAA GCTCGGGTAC 3’

P2-F 5" ACAATCAAGGTACCCGAGCT 3’

P2-R 5" TGCACACTTGACGCGATCCT 3’

P3-F 5" ACTACTGAGGATCGCGTCAA 3’

P3-R 5" CCACTCTAGATTATTGAGCC TTCTTAGCCT 3’

Actb F 5" GTCGTACCACTGGCATTGTG 3’
Actb R 5" TGCTTGCTGATCCACATCTC 3’

FIHA G LN Hind [T Xba T BEVIAL T,
5 Ja K H W B 2 B K I8 20/ pBudCEA4.1
(Invitrogen 2 i) J#4 il pBudCE-FA T2 344(5 692 bp),
FAT-2 1 CMV JA 3l 13K 37414 2b).

(2)
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= Fragment2
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—
—
l P3-R
& &
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La
1 154 bp
557 bp 543 bp
87 bp
(®) HindIll Xba 1
CMYV promoter C. elegans FAT-2 SV40 poly (A)

Fig. 2 Modification of codon usage and construction
of eukaryotic expression vector pBudCE-FAT2
(a) Modification of codon usage using overlapping PCR. Synonymous
mutations were introduced in primers, three fragments were amplified
with three pairs of primers (see Table 1). Fragments were purified and
then assembled by overlapping PCR. (b) FAT-2 gene was fused to
pBudCE4.1 vector under the control of CMV promoter.
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Fig. 3 Photomicrographs showing gene-transfer efficiency
CHO cells transfected with positive control vector pBudCE4.1/lacZ/
CAT, (a) X-Gal staining of cells three days posttransfection. (b) X-Gal
staining of propagated cells after selection with 500 mg/L Zeocin for
9 days.
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Fig. 4 Expression of FAT-2 in CHO cells
(a) PCR screen of transfected cells with FA T-2 specific primers. /: DNA molecular marker; 2: Genome of pBudCE4.1 transfected cells; 3, 4: Genome of

pBudCE-FA T2 transfected cells; 5: Positive control. (b) Northern blot analysis of the expression of FAT-2 in transfected cells. G: pBudCE-FA T2

transfected cells, N: pBudCE4.1 transfected cells. (c) Relative abundance of FA 7-2 was determined by densitometry values obtained by three scanning

of each lane of the Northern blot.
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Table 2 Fatty acid composition of lipids in transfected cells

Total fatty acids

CHO(mol%)

Vector control(mol%) FA T-2(mol%)

Post hoc significant between groups

Cl4:0 3.44+0.18 3.08+0.04
Cl4:1 0.04+0.00 0.06+0.00
Cl6:0 26.82+0.49 24.86+0.23
Cl6: 1 3.25+0.04 4.49+0.51
Cl8:0 17.22+0.16 16.29+0.40
C18: In9 29.49+0.09 27.86+1.49
C18 ! 2n-6 3.02+0.03 3.11+0.01
Cl18 : 3n-6 0.42+0.00 0.46+0.00
Cl18 : 3n-3 0.17£0.02 0.50+0.24
C20:0 0.53+0.01 0.43+0.01
C20: In9 1.19+0.03 1.09+0.04
C20 : 2n-6 0.20+0.02 0.23+0.04
C20 ¢ 3n-3 0.93+0.04 0.99+0.04
C20 : 4n-6 5.57+0.17 6.58+0.55
C20 ¢ 5n-3 0.91+0.01 1.06+0.05
C22 1 4n-6 1.16+0.04 1.71+0.21
C22: 5n-3 2.82+0.17 3.60+0.39
C22: 6n-3 2.81£0.15 3.58+0.45

2.99+0.12
0.05+0.00
24.46x1.55
2.65+0.16
18.64+1.55
25.38+0.71
7.51+0.43
0.38+0.03
0.37+0.03
0.59+0.12
1.61+0.21
0.57+0.04
0.98+0.12
5.41£0.58
0.66+0.11
1.78+0.38
3.03+0.57
2.96+0.44

C-v

V-F

C-F,V-F
V-F

C-F,V-F

V-F

Values for four measurements are expressed as the x+s. The data obtained from each experiment were subjected to an ANOVA, which

was followed by LSD. Statistically significant (P < 0.01) of Post hoc comparisons between groups are showing. C, CHO; V, vector

control; F, FA T-2 transgenic cells.

pBudCE-FA T2(transgenic cell)

pBudCE4.1(vector control)

C16: 0 .
C18: 1n-9
" C16: 0 C18: In-9
=
=1
2 C18:0
£ C18: 0
5 C18 : 2n-6
8
L
a . Cl6: 1
Cl6: 1 J M C18 : 2n-6
12 14 16 12 14 16

Column retention time/min

Fig. 5 Partial gas chromatograph traces showing fatty acid profiles of total cellular lipids extracted
from the control cells transfected with pBudCE4.1 and the cells transfected with pBudCE-FAT2
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HAPHPRAS, DA R 40 P A R 5 A K =
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MIMHE R T C20 & 2n-6 [ HE. MR LEAN fE 11
B Z AT A-6 JIE D5 R I MRS, B DL AR
RN, C20 : 4n-6 [ BHIFAL T . Kao
SIS I, A12 R o-3 ARG R i A A
T R R R A . AN B AT U IR 1) e A 5
SN MR RS DR A0 RS Ll T 1 ARk I e 4
FREOR,  n] DL AR A AL T AR e R
A, BRI HRAN M SRR =R, A
FIF A2 JI5 I e Mot 2 I 1D A S Y, 3K A AR e
FiE A12 IR I G AR 2 Ak

pBudCE4.1 247 2 Na#h 7, AlLLER 2 M
R IRl R0k, FA T-2 BRI AT A L 8l 4 & 1 0
IR (0-6 TRWITR), BARETT LLERE — o-3 il
PRI B LR, AL R e L P h ik, AIfi
REAITIHTFLANH H 5 AR T AR -3 2
AR, AsLgr, 288 FAT-2 cDNA 70

e bR e Rk, B DR AEsh Y g U
T2 ot 2 i RE M FH W LB 0 N PR IR DA 45 1 2 A
YRR, AR A ™ A & KB 2 A AT AR Wi
TR (1 RE A X 8 B T kA

Bugt b A Ay BT I PR SHE T L 2%
2k 1 RNA.
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Transgenic Production of Polyunsaturated Fatty Acids in Mammalian Cells’

KONG Ping, DU Zhuo, TANG Bo, MENG Qing-Yong, LI Ning™
(China Agricultural University, State Key Laboratory of Agrobiotechnology, Beijing 100193, China)

Abstract
some lower animals. However, they can not be synthesized in mammals due to lack of A12 and w-3 fatty acid

Linoleic acid (C18 : 2n-6) and «-linolenic acid (C18 : 3n-3) are found widely in fungi, plants and

desaturases. To enable endogenous production of essential fatty acids in mammalian cells, here the stable
expression of a Caenorhabditis elegans gene FAT-2 encoding A12 fatty acid desaturase in CHO cells was reported.
First, the FAT-2 coding sequence was cloned by RT-PCR. To facilitate high level synthesis of heterogeneous
protein, the codon usage of the fatty acid desaturase genes was optimized according to the codon preference of
mouse by site-directed mutagenesis, 2 synonymous mutations were introduced into FAT-2 gene by overlapping
PCR. The codon-modified gene was finally fused to pBudCE4.1 vector (Invitrogen) under the control of CMV
promoter. The expression vector pBudCE-FA T2 was linearized with Nhe 1 , and then transfected CHO cells, the
cells were under Zeocin selection for nine days and then propagated, then the transfected cells were harvested. The
genome and total RNA were isolated for PCR and Norhern blot ananlysis. The results revealed that FA 7-2 gene has
been integrated into the genome of CHO cells and expressed properly. Fatty acids of total cellular lipids were
analyzed by gas chromatography. The results indicate that the expression and function of A-12 fatty acid desaturase
resulted in accumulation of linoleic acid. The levels of linoleic acid in transgenic cells were 2.4-fold higher than
those in wild-type cells. The moderate linoleic acid in CHO cells was derived from cell culture media uptaken by
cell membrane. The results demonstrate that a heterogenous desaturase gene can function well in mammalian cells
and prove that transgenic approach is an efficient strategy for changing fatty acid composition of mammals.
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