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®-3 GmFAD3C
Functional Expression of an ®-3 Fatty Acid Desaturase
Gene from Glycine max in Saccharomyces cerevisiae
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Abstract a-linolenic acid ALA C18:3% 25 s an essential fatty acid which has many sanitary functions to human . However
its contents in diets are often not enough. In plants - 3 fatty acid desaturases FAD catalyze linoleic acid LA C18:2%° 12
into ALA. The seed oil of Glycine max contains high level of ALA. To investigate the functions of Glycine max w- 3FAD the
¢DNA of GmFAD3C was amplified by RT-PCR from immature seeds then cloned into the shuttle expression vector p416 to
generate the recombinant vector pAGFAD3C. The resulting vector was transformed into Saccharomyces cerevisiae K601 throuth
LiAc method. The positive clones were screened on the CM Ura- medium and identified by PCR and then cultured in CM
Ura- liquid medium with exogenous LA in 20°C for three days. The intracellular fatty acid composition of the engineering strain
Kp416 and Kp4GFAD3C was analyzed by gas chromatography GC . A novel peak in strain KpAGFAD3C was detected which
was not detectable in control Comparison of the retention times of the newly yielded peak with that of authentic standard
indicated that the fatty acid is ALA. The content of ALA reached to 3.1% of the total fatty acid in recombinant strain the
content of LA correspondingly decreased from 22% to 16.2% by contrast. It was suggested that the protein encoded by
GmFAD3 C can specifically catalyze 18 carbon PUFA substrate of LA into ALA by taking off hydrogen atoms at A" location. In
this study we expressed a Glycine max -3 fatty acid desaturase gene in S. cerevisiee An efficient and economical yeast

expressing system K601-p416 system which is suitable for the expression of FAD was built.
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Fig. 4 Gas Chromatographic analysis of total lipid fatty acids in Saccharomyces cerevisiae
A Kp4l6 B Kp4GFAD3C C ALA standard 16 0 palmitic acid 16 1 palmitoleic acid 18 O stearic acid 18 1 oleic

acid 18 2 linoleic acid 18 3 a-linolenic acid.

1 %
Table 1 Fatty acid composition of transformed S . cerevisiae %

Percent of total fatty acids

Transformants

Cl16 0 Cl6 1 C18 0 C18 1 C18 2 Cl18 3 Others
Kp416 13.2 36.9 5.4 19.1 22.0 - 3.4
Kp4GFAD3C 13.0 34.1 5.4 19.7 16.2 3.1 8.5

© FERZERMEDARFATIKSHESL http://journals. im. ac. cn



-3 GmFAD3C

37
3 URA3
ura3
w-6 Al2 w-3FAD K601  INVSel ALA
PUFA " pYES2.0
GALI p416
! LA TEF GALI
T% WIW -3 13 0
ALA LA ! TEF
Kp416 20 K601-p416
LA LA 2% 7%  ALA ALA
K601 TEF
LA
Kp416 ALA 15
Kp4GFAD3C  ALA 3.1% 27%
LA 22% 16.2%
GmFAD3C
ALA LA
ALA LA
18 PUFA
LA Al5 ALA  w-3FAD REFERENCES
1 Shahidi F Wanasundara UN. Omega-3 fatty acid concentrates
w-3FAD 18 PUFA LA nutritional aspects and production technologies. Trends Food Sci
ALA 20 PUFA "™ Technol 1998 9 230 - 240
2 Lu DQ Chen ZL Chen ]
17 15°C Metabolism and physiological function of Docosahexaenoic Acid and
28C 1 Eicosapentaenoic Acid. Journal of Jiangsu University of Science and
Technology 1998 193  29-36
ALA
3 Arondol V Lemieux B Hwang I et al. Map-based cloning of a
20C gene controlling omega-3 faity acid desaturation in Arabidopsis.
Darwin 2000 Science 1992 258 1353 — 1355
BnFAD3 ALA 4 Yadav NS Wiersbicki A Aergerter M et al. Cloning of higher
2.4% " Koushirou 2002 plant omega-3 fatty acid desaturase. Plant Physiol 1993 103 467
CvFad3 10 476
ALA 5 Fasman GD. Handbook of biochemistry and molecular biology. New
3.1% Takahino York CRC Press 1975
6  Bilyeu KD Palavalli L Sleper DA et al . Three microsomal Omega-
2004 Saccharomyces kluyveri FAD3 3 fatty-acid desaturase genes contribute to soybean linolenic acid
ALA " levels. Crop Sci 2003 43 1833 - 1838
7 Rahman SM Takagi Y Kumamaru T. Low linolenate sources at the
16 FAD fan locus in soybean lines M-5 and IL-8. Breed Sci 1996 46 155
INVScl - 158
pYES2.0 18 19 8 Stojsin D Luzzi BM  Ablett GR et al. Inheritance of low linolenic
K601 TEF b416 acid level in the soybean line RG10. Crop Sci 1998 38 1441 —
1444
K601-p416 9 Walts JL Browse J. Isolation and characterization of a delta-5 fatty
INVScl-pYES2.0 p416 acid desaturase from Caenorhabditis elegans.  Arch  Biochem

pYES2.0

© o 7 Brophis 999362 AT A 82445 15 A1

http://journals. im. ac. cn



38

Chinese Journal of Biotechnology

2006 Vol.22 No.1

10

11

12

13

14

Koushirou S Ken-ichi H Naoki F et al. Two low-temperature-
inducible Chlorella genes for Al2and -3 fatty acid desaturase
FAD isolation of Al2 and w-3 fad ¢DNA clones expression of
A12 fad in Saccharomyces cerevisiae and expression of w-3 fad in
Nicotiana tabacum . Biosct Biotechnol Biochem 2002 66 6 1314
- 1327

Darwin WR  Ulrike AS  Patrick SC. Characterization of the
Brassica napus extraplastidial linoleate desaturase by expression in
Saccharomyces cerevisiae . Plant Physiology 2000 122 715 -720
Sambrook J David WR. Molecular Cloning A Laboratory Manual.
3rd ed New York Cold Spring Harbor Laboratory Press 2001
Frederick MA' Roger B Robert EK. Short Protocols in Molecular
Biology. 3rd ed New York Wiley John & Sons Inc 1995

Eiji S Michihiko K Sakayu S. A’-Fatty acid desaturase from
arachidonic acid-producing fungus Unique gene sequence and its
heterologous expression in a fungus Aspergillus . Eur J Biochem
1999 260 208 -216

Tocher DR Leaver MJ Hodgson PA. Recent advances in the

biochemistry and molecular biology of fatty acyl desaturases. Prog

17

19

20

© rh ERIMidseliolbdinaf SR TI| T & 4 tE

Lipid Res 1998 37 73 - 117
Meesapyodsuk D Reed DW  Savile CK et al. Characterization of
the regiochemistry and cryptoregiochemistry of a Caenorhabditis
elegans fatty acid desaturase FAT-1

cerevisiae . Biochemistry 2000 39 11948 — 11954

expressed in Saccharomyces

Covello PS Reed DW. Functional expression of the extraplastidial
thaliana gene FAD2 in
Saccharomyces cerevisiae . Plant Physiol 1996 111 223 - 226

Arabidopsis oleate desaturase
Takahiro O Susumu. Saccharomyces Kluyveri FAD3 encodes an -3
fatty acid desaturase. Microbiology 2004 150 1983 - 1990
Zhang Q Li MC Sun Y

et al.
Cloning and heterologous expression of a novel A®-Desaturase gene
from Rhizopus arrhizus NKO30037. Acta Genetica Sinica

2004 31 7 740 - 749
Liu L Li MC Hu GW et al.
Identification of Mortieralla isabellina Mg, A°-fatty acid desaturase
by heterologous expression in Saccharomyces cerevisiae. Acta

Z8 2000 41 Aurdl s 401 ac. cn




