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Omega fatty acids are very important for human healthiness. Dietary á-
linolenic(trienoic fatty acid) sources are varying from plant sources to fishes. 18:3 is an
essential fatty acid and it is converted by the human body into eicosapentaenic acid
(EPA, 20:5n-3) and docosahexaenic acid (DHA, 22:6n-3) which are very important in
fighting heart disease. ααααα-linolenic reduces human serum LDL- cholesterol, lowering
LipoproteinA, suppresses the production of interleukin-1 (IL-1), tumor necrosis factor
and leukotriene B4 (LTB4) oxygen free radicals (OFRs), reduce mammary cancer risk, as
well as modify emotional reactivity and learning abilityand performance. Omega-3 fatty
acids are precursors for industry valuable substances such ascyclopentenones, ketols, or
uses as an alternative fuel for the small diesel engine.Yeast (Saccharomyces cerevisiae)
can absorb and integrateseveralvarieties of fatty acids from growth medium. Exogenously
feeding oleic acid to yeast transformed with ΔΔΔΔΔ-12 desaturase successfully lead tolinoleate
invention. Expressed yeast with oilseeds FAD3 and fedwith 18:2produced ααααα- linolenate.
Yeast as expression ideal may affordoutstandingdesigns for understanding the
transcriptional and post-transcriptional toolselaborated in the regulation of plant fatty
acid desaturases, which offer the implementconstructing engineered plants contains
nutritional and industrial valuable fatty acid contents.
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One of the most important biochemical
factories is the plant cell. In it, many biochemical
compounds are manufactured including the fatty
acids. Fatty acid biosynthesis in higher plant cells
occurs in the plastids and it is formed initially from
acetyl-CoA and malonyl-CoA, which are the
precursors of acetyl-and malonyl-ACPS1. The
chloroplast membranes of all higher plants contain
very high proportions of trienoic fatty acids. These
lipid structures are important in photosynthesis.
Trienoic fatty acid content 16:3 + 18:3 are important
to ensure the correct biogenesis and maintenance
of chloroplasts during growth of plants at low

temperatures2. Dietary á- linolenic sources are fish
oil, walnuts, soybeans, spinach, canola (rapeseed),
linseed, perilla, and dragonhead. Linseed (Linum
usitatissimum) has a very high content of linolenic
acid in the triacylglycerol (TAG), normally more
than 45% of the total fatty acid content3,4,5,6,7.
ωωωωω-3 fatty acids, the importance

The trienoic fatty acid (alpha- linolenic,
octadeca-9, 12, 15-trienoic acid, 18:3n-3), is an
essential fatty acid and it is converted by the human
body into two acids eicosapentaenic acid (EPA,
20:5n-3) and docosahexaenic acid (DHA, 22:6n-3)
which are very important in fighting heart disease.
Flaxseed oil-containing human diet resulted in
significant increases in alpha- linolenic
concentration in the plasma phospholipids,
cholesterol ester, triglyceride fractions (an 8-fold
increase), and neutrophil phospholipids was
increased by 50%, also the EPA concentration
increased by 2.5-fold in plasma lipid fractions and
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neutrophil phospholipids9,8,10. Linolenic acid was
found to significantly reduce human serum LDL-
cholesterol as a result of diet on flaxseed, also diet
on flaxseed results in lowering LipoproteinA (Lpa)
which is a strong predictor of cardiovascular
disease11. Perilla oil (58% 18:3) is found to have a
more potent serum cholesterol- lowering ability than
safflower oil (77% 18:2)12. ω-3 fatty acid from
flaxseed suppresses the production of interleukin-
1 (IL-1), tumor necrosis factor and leukotriene B4
(LTB4) as well as oxygen free radicals (OFRs) and
would prevent the development of
hypercholesterolemic atherosclerosis in rabbits,
dietary flaxseed supplementation could, therefore,
prevent hypercholesterolamia-related heart attack
and strokes13. Dietary á- linolenic acid significantly
enriches 18:3n-3, 20:5n-3, 22:5n-3 in plasma, red
blood cells, aorta, platelet neutral, and reduces
plasma TAG in pigs as well as significantly
reducing serum cholesterol and TAG levels in
rats14,15. Feeding of flaxseed, which is rich in alpha-
18:3 and secoisolariciresionol diglycoside (SDG),
the latter is the precursor of mammalian lignans,
can affect the rat mammary gland structures that
may potentially reduce mammary cancer risk16.
Safflower oil and perilla oil, rich in n-6 and n-3
respectively, alter the membrane fatty acid
composition of rat livers and suppress the
development of liver cell carcinoma17. Dietary
flaxseed affects ω-3 fatty acids metabolism and
helped to restore the health of sick dogs as a
possible implications in companion animal
nutrition, also in rat dietary18:3 from perilla oil
caused characteristic changes in the activity of
hepatic enzymes in fatty acid and glucose
metabolism18,19. Exogenous PUFA from Perilla oil
at 2% of rat diet was sufficient to suppress lipogenic
enzyme gene expression, also eicosapentaenoic
acid increased within only 1 h of rat stomach
intubations20. Semi-purified diets containing either
perilla oil (high in 18:3n-3) or safflower oil (high in
18:2n-6) were fed to SAMR1 mice, the n-6/n-3 ratio
of its brain phospholipids were affected and this
may modify emotional reactivity and learning
ability, the biochemical characteristics membrane
surfaces of brain microsomes were affected
significantly in a dietary oil-dependent manner, the
relatively large changes in n-3 and n-6 PUFA in
brain membranes caused by dietary manipulation
do not cause significant alterations in most of

membrane-bound enzyme activities. However a
small but significant change in Na+, K+-ATPase
activity that may affect the altered learning behavior
was found. In addition dietary oil-rich induced
morphological changes in synapses in the
hippocampus of rats, led to differential learning
performance when a brightness discrimination
learning task was carried out. Perilla oil-fed lines
found to have more correct responses through the
learning sessions compared with those fed with
safflower oil, moreover the decrease in the
discrimination- learning ability induced by á-
linolenate deficiency is a relatively reversible
process, both the DHA content in the brain and
the learning performance were restored by
supplementing alpha-linolenate21,22,23,24,25.

When rats were fed diets containing
perilla seed oil rich in alpha- linolenic acid, liver
peroxisome proliferation was not affected and heart
mitochondrial cytochrome C oxidase activity also
was not affected. Feeding on perilla oil was found
to be beneficial for suppression of carcinogensis,
allergic hyperreactivity, thrombotic tendency,
apoplexy, hypertension, and aging in animals
which provides evidence that n-3-enriched oils are
safe under conditions applicable to human nutrition
and n-3 acid should be increased to levels higher
than current dietary levels for prevention of chronic
diseases found in the industrialized countries
considering that the rats were fed at levels several-
fold higher than the maximal human intake26,27.
Dietary supplementation with perilla seed oil in
selected patients with asthma suppresses the
generation of leukotriene (LTC4) and its association
with clinical features such as respiratory function
and lipometabolism28. Compared with corn oil-rich
supplementation, Perilla seed oil-rich
supplementation (n-3 fatty acids) is useful for the
treatment of asthma in terms of suppression of
leukotriene B1 (LTB1) and LTC4 generation by
leucocytes, and improvement of pulmonary
functions29.
ωωωωω-3 fatty acids, food and industry

Due to the human health and nutrition
importance of 18:3, researchers tend to reproduce
18:3-rich foods for human diets. By feeding hens
on diets rich in n-3 fatty acids, egg yolk lipids
composition was significantly affected. Total and
percentage yolk lipids became lower, in some cases
yolk lipids had more C16:0 and less C18:0 and C18:1,
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and significant decrease in the ratio of n-6 to n-3
fatty acids in platelet phospholipids. The á-
linolenic acid content was significantly increased
in the produced egg yolk30,31,32,33,34. Another
example is a new flax variety for 18:3-rich edible oil
is reproduced35,36. In a study on the effect of various
sources of unsaturated fatty acids on beef dietetic
quality and growing bulls, 2% supplement of
unground full-fat flaxseeds was more effective in
modifying the composition of fatty acids in
longissimus dorsi muscle lipids, 18:1 is decreased
while docosahexaenoic acid was increased in
additions to increasing 18:3 levels in the produced
meat37.

In addition to its nutritional and health
importance, 18:3 is a precursor for industry valuable
substances such as fatty acids hydroperoxids,
alpha-linolenic acid is commercially produced by
hydrolyzing flax seed oil or perilla oil using
polyethylene-immobilized lipase powder38,39. The
cyclopentenones is naturally formed from
cyclization of allene oxide fatty acids precursors
such as linoleic hydroperoxide (HPOD), alpha-
linolenic hydroperoxide (HPOTa), and gamma-
linolenic hydroperoxide (HPOTg) in the presence
of flaxseed allene oxide synthase, also 18:3 is a
precursor of other important compounds known
as ketols in the presence of flaxseed hydroperoxide
dehydrase preparations40,41. Also it is possible to
use n-3 rich-perilla oil as an alternative fuel for the
small diesel engine42.
Yeast expression with ωωωωω-3 desaturases

Yeast (Saccharomyces cerevisiae) works
as a very useful host for heterologous desaturase
expression43. It has a very simple fatty acid profile
and only one major fatty acyl desaturase (Δ-9
desaturase). Yeast cell contains eukaryotic
endoplasmic reticulum, cytochrome b

5
, and

cytochrome b
5
 reductase. In addition, yeast can

take up and incorporate many kinds of fatty acids
from the growth medium, also it has a low level of
â-oxidation and carbon sources needed for the
accumulation of the fed substrate and any fatty
acid products44,45,46,47. For instance exogenously
feeding oleic acid to yeast transformed with Δ-12
desaturase successfully resulted in the production
of linoleate45,48. Yeast espression with FAD3 of the
oilseeds produces α- linolenate with 18:2 feeding43.
However, in terms of its substrate specificity, FAD3
showed the ability to desaturate exogenously fed

16 to 22 carbon substrates. In addition it showed
ù-3 regioselectivity49,50. The uptake of these
unsaturated fatty acids such as 18:2 and 18:3 from
the growth media led to a severe reduction in the
amount of endogenously synthesized
monounsaturated fatty acids (16:1 and 18:1), which
was likely due to repression of endogenous yeast
desaturase activity43,51. Co-expression of yeast with
Brassica napus FAD2 and FAD3 genes using a
fatty acid-inducible peroxisomal gene promoter
resulted in the induction of a new metabolic
pathway converting oleic acid (18:1) into linolenic
acid (18:3)43. Also the cultivation of yeast cells in
the presence of triacylglycerols and exogenously
supplied lipase promotes extensive incorporation
of triglyceride fatty acids into yeast cells52.

CONCLUSION

In general, omega-3 fatty acids have
nutritional as well as industrial importance.
expression of plant desaturases in yeast has offered
a rapid method to verify the enzyme activities as
well as the characteristics of their relationships
with the substrates and the products, in addition
to study their behaviors under different
physiological conditions such as the effect of
temperature on the accumulation of different fatty
acids into storage lipids45,49,53,54,55,56,57. The yeast
expression model may provide excellent ideas for
understanding the transcriptional and post-
transcriptional mechanisms involved in the
regulation of plant fatty acid desaturases43,54, which
in turn could provide the tool producing engineered
plants containing nutritionally and industrially
useful fatty acid compositions52,54,58,59,60,61.

ACKNOWLEDGEMENTS

This project was supported by King Saud
Univ., Deanship of Scientific Research, and College
of Sciences’ Research Center.

REFERENCES

1. Post-Beittenmiller, D., Roughan, G., Ohlrogge,
J.B., Regulation of plant fatty acid biosynthesis.
Plant Physol, 1992; 100: 923-930.

2. Routaboul, J.M., Fischer, S.F., Browse, J.,
Trienoic Fatty Acids Are Required to Maintain
Chloroplast Function at Low Temperatures.



J PURE APPL MICROBIO, 8(1), FEBRUARY 2014.

450 ABDEL-REHEEM.:  ω-3 FATTY ACIDSAND YEAST EXPRESSION

Plant Phys, 2000; 124(4): 1697-1705.
3. Stymne, S., Lorraine, T.M., Green, A.G.,

Biosynthesis of linoleate in developing embryos
and cell-free preparations of high-linolenate
linseed (Linum usitatissimum) and low-
linolenate mutants. Archives of Biochemistry and
Biophysics, 1992; 294(2), 557-563.

4. Abdel-Reheem, M., Bhella, R., Hildebrand, D.,
Linolenic Acid Accumulation in Dragonhead. In
Advanced research on Plant Lipids, Murata M,
Yamada M, Nishida I, Okuyama H, Sekiya J,
Hajime W (eds.), Netherlands: Kluwer Academic
Publishers, 2003; pp. 101-104

5. Suryadevara, R., Abdel-Reheem, M., Bhella, R.,
McCracken, C., Hildebrand, D., Characteristics
of High á-Linolenic Acid Accumulation in Seed
Oils. Lipids, 2008; 43:749-755.

6. Abdel-Reheem, M., Hildebrand, D., 1-14C
Linoleoyl-COA Desaturation into Diverse Lipid
Classes of Dracocephalum moldavica
Cotyledons. Life Sci J., 2013; 10(11s):135-143.

7. Abdel-Reheem, M., Hildebrand, D.,
Incorporation of 14C 18:2 into Different Lipid
fractions of Glycine max Cotyledons. Life Sci
J., 2013; 10(11s):144-152.

8. Chen, J.K., Bruce, V.M., McDonald, B.E.,
Dietary alpha-linolenic acid is as effective as
oleic acid and linoleic acid in lowering blood
cholesterol in normolipimedic men. American J
of Clinical Nutrition, 1991; 53(5):1230-1234.

9. Bierenbaum, M.L., Reichstein, R., Watkins,
T.R., Reducing atherogenic risk in hyperlipemic
humans with flaxseed supplementation. J of the
American College of Nutrition, 1993; 12(5): 501-
504.

10. Mantzior, E., James, M., Gibson, R.A., Cleland,
L.G., Dietary substitution with an alpha-
linolenic acid- rich vegetable oil increases
eicosapentaenoic acid concentrations in tissues.
The American J of Clinical Nutrition, 1994;
59(60): 1304-1309.

11. Arjmandi, B.H., Khan, D.A., Juma, S., Drum,
M.L., Venkatesh, S., Sohn, E., Wei, L., Derman,
R., Whole flaxseed consumption lowers serum
LDL-cholesterol and lipoprotein (a)
concentrations in postmenopausal women.
Nutrition research New York USA, 1998;
18(70):1203-1214.

12. Ihara, M., Umekawa, H., Takahashi, T., Furuichi,
Y., Comparative effects of short and long term
feeding of safflower oil and perilla oil on lipid
metabolism in rats. Comparative Biochemistry
and Physiology, 1998; 121(2): 223-231.

13. Prasad, K., Dietary flax seed in prevention of
hypercholesterolemic atherosclerosis.
Atherosclerosis, 1997; 132(10): 69-76.

14. Cherian, G., Ahn, D.U., Sim, J.S., Blood and
aorta lipid status and platelet function in swine
modified by dietary alpha-linolenic acid rich-
flaxseed. J of Agricultural and Food Chemistry,
1996; 44(8): 2330-2335.

15. Longvah, T., Deosthale, Y.G., Kumar, P.U.,
Nutritional and short term toxicological
evaluation of perilla seed oil. Food Chemistry,
2000; 70(1): 13-16.

16. Tou, J.C., Thompson, L.U., Exposure to flaxseed
or its lignin component during different
developmental stages influences rat mammary
gland structures. Carcinogenesis, 1999; 20(9):
1831-1835.

17. Okuno, M., Tanaka, T., Komaki, C., Nagase, S.,
Shiratori, Y., Muto, Y., Kajiwara, K., Maki, T.,
Moriwaki, H., Suppressive effect of low
amounts of safflower and perilla oils on
d i e t h y l n i t r o s a m i n e - i n d u c e d
heoatocarcinogenesis in male F334 rats. Nutr
Cancer, 1998; 30(3): 186-193.

18. Kabir, Y., Ide, T., Activity of hepatic fatty acid
oxidation enzymes in rats fed alpha-linolenic
acid. Biochem Biophys Acta, 1996; 1304(2): 105-
119.

19. Bibus, D.M., Stitt, P.A., Simopoulos ,A.P.,
Metabolism of alpha- linolenic acid from flaxseed
in dogs. The return of omega-3 fatty acids into
the food supply. Land-based animal food
products and their health effects, 1998; 1:186-
198.

20. Iritani, N., Komiya, M., Fukuda, H., Sugimoto,
T., lipogenic enzyme gene expression is quickly
suppressed in rats by a small amount of
exogenous polyunsaturated fatty acids. The J.
of nutrition, 1998; 128(6): 967-972.

21. Tsutsumi, T., Yamauchi, E., Suzuki, E.,
Watanabe, S., Kobayashi, T., Okuyama, H.,
Effect of a high alpha-linolenate and high
linoleate diet on membrane associated enzyme
activities in rat brain-modulation of Na+, K+-
ATPase activity at sub optimal concentrations
of ATP. Biol Pharm Bull, 1995; 18(50): 664-
670.

22. Umezawa M., Ohta, A., Tojo, H., Yagi, H.,
Hosokawa, M., Takeda, T., Dietary alpha-
linolenate/linoleate balance influences learning
and memory in the senescence-accelerated mouse
(SAM). Brain Res, 1995; 669(2): 225-233.

23. Okaniwa, Y., Yuasa, S., Yamamoto, N., Watanabe,
S., Kobayashi, T., Okuyama, H., Nomura, M.,
Nagata, Y., A high linoleate and a high alpha
linolenate diet induced changes in learning
behavior of rats. Effects of a shift in diets and
reversal of training stimuli. Biol Pharm Bull,
1996; 19(4): 536-540.



J PURE APPL MICROBIO, 8(1), FEBRUARY 2014.

451ABDEL-REHEEM.:  ω-3 FATTY ACIDSAND YEAST EXPRESSION

24. Yoshida, S., Miyyazaki, M., Takeshita, M.,
Yuasa, S., Kobayashi, T., Watanabe, S.,
Okuyama, H., Functional changes of rat brain
microsomal membrane surface after learning task
depending on dietary fatty acids. J Neurochem,
1997; 68(3): 1269-1277.

25. Umezawa, M., Kogishi, K., Tojo, H., Yoshimura,
S., Seriu, N., Otha, A., Takeda, T., Hosokawa,
M., High-linoleate and high-alpha- linolenate
diets affect learning ability and natural behavior
in SAMRl mice. J Nutr, 1999; 129(2): 431-437.

26. Okuyama, H., Minimum requirements of n-3
and n-6 essential fatty acids for the function of
the central nervous system and for the
prevention of chronic disease. Proceedings of
the Society for Experimental Biology and
Medicine, 1992; 200(2): 174-176.

27. Kobayashi, T., Shimizugawa, T., Fukamizu, Y.,
Huang, M.Z., Watanabe, S., Okayama, H.,
Assessment of the possible adverse effects of
oils enriched with n-3 fatty acids in rats;
peroxisomal proliferation, mitochondrial
dysfunctions and apoplexy. The J of Nutritional
Biochemistry, 1996; 7(10): 542-548.

28. Okamoto, M., Mitsunobu, F., Ashida, K.,
Mifune, T., Hosaki, Y., Tsugeno, H., Harada, S.,
Tanizaki, Y., Kataoka, M., Niiya, K., Harada,
M., Effect of perilla seed oil supplementation
on leukotriene generation by leucocytes in
patients with asthma associated with
lipometabolism. Int Arch Allergy Immunol,
2000; 122(2): 137-142.

29. Okamoto, M., Mitsunobu, F., Ashida, K.,
Mifune, T., Hosaki, Y., Tsugeno, H., Harada, S.,
Tanizaki, Y., Effect of dietary supplementation
with n-3 fatty acids compared with n-6 fatty
acids on bronchial asthma. Inter Med, 2000;
39(2): 107-111.

30. Cherlan, G., Sim, J.S., Omega-3 fatty acid and
cholesterol content of newly hatched chicks
from alpha- linolenic acid enriched eggs. Lipids,
1992; 27(9): 706-710.

31. Ferrier, L.K., Caston, L.J., Leeson, S., Squires,
J., Weaver, B.J., Holub, B.J., Alpha-linolenic
acid and docosahexaenoic acid-enriched eggs from
hens fed flaxseed: influence on blood lipids and
platelet phospholipids fatty acids in humans.
Amrican J of Clinical Nutrition, 1995; 62(1):
81-86.

32. Scheideler, S.E., Jaroni, D., Froning, G., Strain
and age effects on egg composition from hens
fed diets rich in n-3 fatty acids. Poultry science
USA, 1998; 7792: 192-196.

33. Elswyk, M.E.V., Nutritional and physiological
effects of flaxseed in diets for laying fowl. World’s
Poultry Science J UK, 1997; 53(3): 253-264.

34. Botsoglou, N.A., Yannakopoulos, A.L.,
Fletouris, D.J., Tserveni, G.A., Psomas, I.E.,
Yolk fatty acid composition and cholesterol
content in response to level and form of dietary
flaxseed. J of Agric and Food Chem, 1998; 46(11):
4652-4656.

35. Bhatty, R.S., Rowland, G.G., Measurement of
alpha-linolenic acid in the development of edible
oil flax. J of the American Oil Chemists’ Society,
1990; 67(6): 364-367.

36. Anderson R., New flax variety for edible oil
market: linola might repeat canola’s rags to riches
story. Prophyta, 1994; 48(20): 36-38.

37. Barowicz, T., Brejta, W., The use of unsaturated
fatty acids for young slaughter cattle fattening.
Biuletyn Informacyjny, 1999; 37(4): 27-39.

38. Fauconnier, M.L., Marlier, M., An efficient
procedure for the production of fatty acid
hydroperoxids from hydrolyzed flax seed oil
and soybean lipoxygenase. Biotechnol-tech,
1996; 10(11): 839-844.

39. Watanabe, T., Suzuki, Y., Sagesaka, Y., Kohashi,
M., Immobilization of lipases on polyethylene
and application to perilla oil hydrolysis for
production of alpha-linolenic acid. J Nutr Sci
Vitaminol Tokyo, 1995; 41(3): 307-312.

40. Grechkin, A.N., Cyclization of natural allene
oxide fatty acids. The anchimeric assistance of
beta, gamma-double bond beside the oxirane and
the reaction mechanism. Biochim-biophys-acta,
1994; 1213(2): 199-206.

41. Grechkin, A.N., Kuramshin, R.A., Safonova,
E.Y., Laytpov, S.K., Llyasov, A.V., Formation
of ketols from linolenic acid 13-hydroperoxide
via alleneoxid. Evidence for two distinct
mechanisms of alleneoxide hydrolysis. Biochim.
Biophys. acta. Int J Biochem Biophys, 1991;
1089(3): 317-325.

42. Hawang, K.S., Kim, M.K., The possibility of
rapeseed oil and perilla oil as an alternative fuel
for the small diesel engine. J of Agric Tech
Research Inst, 1989; 2: 63-67.

43. Abdel-Reheem, M., Hildebrand, D., Activity of
Brassica napus and Perilla frutescens microsomal
ù-3 desaturases expressed in yeast
(Saccharomyces cerevisiae). Turk J Biol. 2013;
37: 591-605.

44. Kunau, W.H., Kionka, C., Ledebur, A.,
Mateblowski, M., Moreno, M., Schultz, U.,
Thieringer, R., Veenhuis, M., â-Oxidation
systems in eukaryotic organisms. In: Fahimi HD,
Sies H, eds, Peroxisomes in Biology and
Medicine. Berlin: Springer-Verlag, 1987; pp 128-
140.

45. Covello, P.S., Reed, D.W., Functional expression
of the extraplastidial Arabidopsis thaliana oleate



J PURE APPL MICROBIO, 8(1), FEBRUARY 2014.

452 ABDEL-REHEEM.:  ω-3 FATTY ACIDSAND YEAST EXPRESSION

desaturase gene (FAD2) in Saccharomyces
cerevisiae. Plant Physiol, 1996; 111: 223-226.

46. Watts, J.L., Browse, J., Isolation and
characterization of a delta-5 fatty acid desaturase
from Caenorhabditis elegans. Arch Biochem
Biophus, 1999; 362: 175-182.

47. Cahoon, E.B., Ripp, K.G., Hall, S.E.,
McGonigle, B., Transgenic production of epoxy
fatty acids by expression of a cytochrome P450
enzyme from Euphorbia lagascae seed. Plant
Physiol, 2002; 128: 615-624.

48. Hornung, E., Pernstich, C., Feussner, I.,
Formation of conjugated Ä11 Ä13-double bonds
by Ä12- linoleic acid (1,4)-acyl-lipid-desaturase
in pomegranate seeds. Eur J Biochem, 2002;
269:4852-4859.

49. Reed, D.W., Schäfer, U.A., Covello, P.S.,
Characterization of the Brassica napus
extraplastidial linoleate desaturase by expression
in Saccharomyces cerevisiae. Plant Physiol,
2000; 122: 715-720.

50. Meesapyodsuk, D., Reed, D.W., Savile, C.K.,
Buist, P.H., Ambrose, S.J., Covello, P.S.,
Characterization of the regiochemistry and
cryptoregiochemistry of a Caenorhabditis
elegans fatty acid desaturase (FAT-1) expressed
I Saccharomyces cerevisiae. Biochem, 2000; 39:
11948-11954.

51. Trotter, P.J., The genetics of fatty acid
metabolism in Saccharomyces cerevisiae. Annu
Rev Nutr, 2001; 21: 97-119.

52. Dyer, J.M., Chapital, D.C., Kuan, J.W., Mullen,
R.T., Pepperman, A.B., Metabolic engineering
of Saccharomyces cerevisiae for production of
novel lipid compounds Appl Microbiol
Biotechnol,2002;  59:224-230.

53. Cahoon, E.B., Ripp, K.G., Hall, S.E., Kinney,
A.J., Formation of Conjugated 8, 10-Double
Bonds by 12-Oleic-acid Desaturase-related

Enzymes. J Biol Chem, 2001; 276: 2637-2643.
54. Dyer, J.M., Chapital, D.C., Cary, J.W.,

Pepperman, A.B., Chilling-sensitive, post-
transcriptional regulation of a plant fatty acid
desaturase expressed in yeast. Biochem Biophys
Res Commun, 2001; 282: 1019-1025.

55. Sayanova, O., Beaudoin, F., Libisch, B., Castel,
A., Shewry, P.R., Napier, P.R., Mutagenesis and
heterologous expression in reast of a plant Ä6-
fatty acid desaturase. J Experim Botany, 2001;
52: 1581-1585.

56. Hong, H., Datla, N., Reed, D.W., Covello, P.S.,
Mackenzie, S.L., Qiu, X., High-level production
of ã-linolenic acid in Brassica juncea using a Ä6
desaturase from Pythium irregulare. Plant
Physiol, 2002; 126: 354-362.

57. Sandager, L., Gustavsson, M.H., Ståhl, U.,
Dahlqvist, A., Wiberg, E., Banas, A., Lenman,
M., Ronne, H., Stymne, S., Storage lipid
synthesis is non-essential in yeast. J Biolo
Chem, 2002; 277: 6478-6482.

58. Budziszewski, G.J., Croft, K. P.C., Hildebrand,
D.F., Uses of biotechnology in modifying plant
lipids. Lipids, 1996; 31: 557-569.

59. Kinney, A.J., Development of genetically
engineered oilseeds: from molecular biology to
agronomics. In: Physiology, Biochemistry and
Molecular Biology of Plant Lipids. J.P. Williams,
M.U. Khan and N. Wan Lem (eds), Dordrecht,
The Netherlands: Kluwer Academic Press, 1997;
pp 298-301.

60. Moon, H., Hazebroek, J., Hildebrand, D.F.,
Changes in fatty acids composition in plant
tissues expressing a mammalian Ä-9 desaturase.
Lipids, 2000; 35(5): 471-479.

61. Cahoon, E.B., Shanklin, J., Substrate-dependent
mutant complementation to select fatty acids
desaturase variants for metabolic engineering of
plant seed oils. PNAS, 2000; 97: 12350-12355.


