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Genetically Modified Oils

GM Oils: A Source of Omega-3 Fatty Acids


As the saying goes, “you are what you eat.” Since diet and nutrition are vital components to health, researchers are constantly attempting to discover which types of foods are most beneficial to human health.  In the past decade, a new trend has developed in the world of fats and oils: omega-3 fatty acids. 


The initial suspicion of beneficial omega-3 fats sparked in the mid-1970’s when Bang and Dyerberg reported findings that Eskimos had low rates of coronary heart disease, despite their high-fat diets. It was later recognized that eicosapentaenoic acid (EPA) from the fish in the Eskimos’ diet was responsible for the prevention of heart attacks. (Simopolous, 1991)  Since then, omega-3 fatty acids have been implicated in having a variety of health benefits. Omega-3 fatty acids play an important role as structural membrane lipids, particularly in neural tissue and the retina, thus they are extremely important to the proper neural and visual development of infants. (Huth et al., 2001)  Omega-3 fatty acids also act as precursors to eicosanoids, such as prostaglandins, thromboxanes, and leukotrienes, which act locally to influence a wide range of functions in cells and tissues. (Simopolous, 1991 and The Linus Pauling Institute website) Omega-3 fatty acids have been reported to delay tumor appearance and decrease the number and size of cancerous tumors. (Simopolous, 1991)  Most notably however, omega-3 fatty acids are known for their anti-thrombotic and anti-inflammatory effects, which reduce the risk of cardiovascular disease. (Huth et al., 2001). With all these benefits, omega-3 fatty acids have certainly earned their way into the nutrition spotlight.

Omega-3 fatty acids belong to a type of fats called polyunsaturated fatty acids (PUFA).  Fatty acids are long hydrocarbon chains with a polar carboxyl (-COOH) group at one end. In biological membranes, these polar heads congregate to form a barrier to water. Unsaturated fatty acids are fatty acids that have a carbon-carbon double bond within the hydrocarbon chain, thus polyunsaturated fatty acids have more than one carbon-carbon double bond. “Omega-3” refers to where the first double bond exists in the hydrocarbon chain, namely between the third and fourth carbons from the end of the chain. Omega-6 fatty acids are another type of PUFA, with their first double bond in between the sixth and seventh carbons. (The Linus Pauling Institute Website). 
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Image from The Linus Pauling Institute Micronutrient Information Center 
Figure 1: Omega-3 and Omega-6 Polyunsaturated Fatty Acids. The first number in parenthesis represents how many carbons the fatty acid has; the next number after the colon represents how many double bonds the fatty acid has; n-3 and n-6 define omega-3 and omega-6 respectively.
The three omega-3 fats most commonly discussed are alpha-linolenic acid (ALA), eicosapentaenoic acid (EPA), and docosahexaenoic acid (DHA), all depicted in the diagram above. Omega-3 fatty acids are considered essential fatty acids; we require them but must acquire them through our diets, because we lack the enzymes necessary to synthesize polyunsaturated fatty acids. EPA and DHA, the best omega-3 fatty acids responsible for the health benefits described above, are derived predominantly from fatty fish, such as swordfish, tuna, salmon, mackerel, and shark. (Huth et al., 2001 and Ursin, 2003) ALA, on the other hand is derived from plant oils. Flax and perilla plants produce high levels of ALA, but because of their low crop-performance and low yields, these crops are unsuitable for high ALA production (Anai et al., 2003); thus, more more-widely grown soybean and canola plants are the primary sources of ALA in the U.S. Diet. (Huth et al., 2001). Even though humans cannot synthesize polyunsaturated fatty acids, we are able to convert omega-3 fatty acids, such as ALA, into others that may be more useful to us, such as EPA. The only known function of ALA for humans is to serve as a precursor to EPA.
Even though the American Heart Association recommends that Americans consume 1.3-2.7 g/day of total omega-3 fats, actual consumption is as low as one-tenth of these recommended levels. (Ursin, 2003) While fatty fish are recommended as the best source of omega-3 fatty acids, because they provide EPA and DHA, there are several problems in depending on fats as the only source of omega-3 fats. First, many question the sustainability of fish as an omega-3 source.  In their 2001 paper, Abbadi et al. assert that “in view of the increasing human population, the overfishing of marine resources, the dependence of fish farming on PUFAs from fish oil, and the environmental impact of aquaculture, neither farmed nor captured fish can be considered as a sustainable source of PUFAs.” Second, there is recent concern about the potentially high levels of toxic environmental contaminants, such as PCBs and methylmercury, in marine-derived fatty fish. (The Linus Pauling Institute website) Lastly, many people simply choose to exclude fish from their diets, perhaps because it is costly, because they don’t enjoy the taste, or because they prefer a strict vegetarian diet.  With these concerns in mind, it seems reasonable to look elsewhere for a more promising source of omega-3 fats to satisfy a wider population for longer.
As aforementioned, soybean and canola plant oils offer ALA, the precursor to EPA in humans. It seems then that the oils from these plants would be a sufficient substitute for fish-derived oil products.  However, conventional soybean and canola oils, while they may be the best plant sources, still contain only 7% and 12% omega-3 fatty acids respectively. Such a low omega-3 composition would be insufficient in delivering the recommended levels of fatty acids, unless one consumed an outrageous amount (Ursin, 2003)   
In the past decade, genetic engineering and biotechnology have been used to enhance both crop yields and product quality in order to offer nutritious benefits to a growing population. In the case of fats and oils, genetic researchers have studied the genes responsible for the synthesis of omega-3 fatty acids in plants, and through genetic modification, have been able to alter the fatty acid composition of the world's major oil crops. Plant oils are synthesized through a biosynthetic pathway that occurs in almost all plant cells. The pathway consists of 2 important steps: 1) Within the stroma of their plastids, the plants assemble fatty acid chains with 2-carbon building blocks known as acetyl-CoA. 2) Once the desired length is achieved, desaturase enzymes (bound to the membrane of the chloroplasts and endoplasmic reticulum) selectively form double bonds within the fatty acids to form unsaturated and polyunsaturated fatty acids. The major fatty acids produced by plants have a chain length of 16-18 carbons and contain from one to three cis- double bonds. (Ohlrogge and Browse, 1995) 
Genetic researchers have examined different ways of tinkering with the plant’s lipid biosynthetic pathway to create plants that produce healthier fatty acid compositions. Anai et al., for example, isolated the desaturase gene responsible for the production of ALA from soybean plants and inserted it, with Agrobacterium-mediated transformation, into rice plants, in which ALA usually makes up less the 2% of the total fatty acid content. Anai et al. chose rice as their target crop, because it is the most important oil source in Japan (their home) and because of its high agronomic performance. Their genetically modified rice plants were found to produce almost 40% ALA, a much larger amount than natural rice plants. (Anai et al., 2003)
However, introducing plants with high ALA content may be the best answer. Another significant problem with ALA is that once it is ingested by humans, there are several steps in its bioconversion to EPA. As depicted in the diagram below, ALA (18:3) is first converted, with a desaturase enzyme, into Steardonic Acid, SDA (18:4).  Next, an elongase enzyme adds two carbons to make the longer 20 carbon fatty acid, Eicosatetraenoic acid (20:4). Then finally, another desaturase enzyme creates one more double bond to form EPA (20:5).  Because of all these steps, the process is highly inefficient; as low as 0.2% of ingested ALA is successfully converted into EPA. 
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Figure 2: Bioconversion of Alpha-Linolenic Acid (here abbreviated LNA) to Eicosapentaenoic Acid (EPA)


Researchers have studied each step of this bioconversion pathway, and have found the first step from ALA to SDA to be the slowest, or rate-determining step; dietary SDA was found to convert into EPA three to four times more efficiently than dietary ALA. (Ursin, 2003)  Because of SDA’s higher efficiency, Ursin proposed that SDA “could bridge the gap between the sustainability of a land-based oil and the effectiveness of fish oil.” (2003). SDA, in addition to being a metabolic intermediate between ALA and EPA, is found in small quantities in fish oils, up to 4% of their total fatty acids. Therefore, Ursin is careful to add, SDA has been present in the human diet for as long as fish has, so it is known to be safe. (Ursin, 2003)
SDA is produced naturally by higher plants and fungi, such as evening primrose, borage, and black currant. While these plants contain high levels of SDA in their seed oil and leaves, none is practical for large-scale production. Ursin pursued an alternative approach; he genetically engineered a canola plant, a high oil-yielding oilseed crop, that produces high levels of Stearidonic Acid. Since canola oil largely consists of the monounsaturated fatty acid, Oleic Acid (OA), Ursin isolated the genes from a commercially grown fungus that facilitated the pathway from OA to SDA, and inserted them into Canola plants. The transgenic Canola plants produced about 20% SDA, and >60% omega-3 fatty acids (both ALA and SDA). (Ursin, 2003) As a result, SDA-enhanced canola plants may provide a land-based sustainable source of beneficial omega-3 fatty acids, readily available so that a larger population could reap the benefits of these healthy fatty acids. Increasing ALA production and introducing SDA into widely grown crops are just two ways in which genetic modification has been used to enhance the omega-3 quality of plant oils. 

While omega-3 fatty acids are the buzz right now as good fats, there are many other types of fats, some believed to be better than others. Currently, organizations including the U.S. Department of Agriculture and the American Heart Association recommend that polyunsaturated and monounsaturated fats are preferred over saturated fats, and that cis- unsaturated fats are preferred over trans-, because trans-unsaturated fats closely resemble saturated fatty acids and tend to raise cholesterol. Unlike unsaturated fats, saturated fats have no carbon-carbon double bonds within their hydrocarbon chain.  Trans- and cis- refer to how carbon and hydrogen atoms are oriented around the double bond; in trans- unsaturated fatty acids, the carbon atoms are on opposite sides of the double bond, whereas in cis-unsaturated fatty acids, the carbon atoms are on the same side of the double bond (see the diagram below). While polyunsaturated fatty acids are nutritionally valuable (as stated above), they are relatively unstable and breakdown under extreme conditions (i.e. high heat), making them unsuitable for many applications. (CSIRO, 2001) In order to remedy this problem of instability, hydrogenation has been used to reduce the fatty acids' double bonds, making them more stable. However, though hydrogenation may make the fat more stable, it also has the tendency to produce undesirable trans-fatty acids, those that closely resemble saturated fatty acids and tend to raise cholesterol. (American Heart Association Website)
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Figure 3: Saturated, cis-unsaturated, and trans-unsaturated fatty acids.


Genetic engineering has also been used to modify the plant lipid biosynthetic pathway in other ways, tailoring the fatty acid profile produced by oilseed crops, making plant oils as healthy and as functional as possible. (Thelen and Ohlrogge, 2001) Genetic researchers have studied, for example, limiting the need for hydrogenation with plants that produce more stable unsaturated fatty acid profiles, reducing the excessive saturated fats in our diets, introducing the desirable qualities (long shelf-life and better cooking ability) of expensive tropical plant oils, such as palm and coconut, into more readily accessible and less expensive crops.  
Even though genetically modified oils may offer many potential benefits, as with every good thing, there are potential problems with them as well. In addition to the concerns of all GM crops – gene flow, adverse environmental effects, etc. – GM oils present unique issues.  Even Monsanto, the leader in plant engineering, admits that when the natural biochemical pathways of a plant are modified – as they are in creating these genetically modified oils – there is the danger of “unintentionally introducing allergens and other antinutritious factors into foods.” (Monsanto in India Website, 2002)
As stated earlier, researchers are continuously attempting to understand which foods have the greatest nutritional value, and consequently, they are continuously revising their dietary recommendations.  One question surrounding GM oils is whether we should invest time and money into creating GM oils that may not even be regarded as beneficial five years from now. While today they may recommend omega-3 fatty acids for our heart, tomorrow the research might suggest something entirely different.


Introducing lots of new GM oil crops into the food market also presents challenges in keeping accurate dietary data available to the public. For example, instead of one standard soybean oil, there genetic modification has created four others: Low 18:3 fatty acids, High 18:1 fatty acids, Low Saturated Fatty Acids, and High Saturated (made for its great stability, not for nutritive value). (Kris-Etherton and Etherton, 2003) Keeping dietary data on all of these different oils, and of all the different products that contain them, will be extremely troublesome and expensive. (Kris-Etherton and Etherton, 2003) Another issue that arises with using these GM oils in a variety of products is whether all the products containing these oils must be labeled as “GM.” Technically, the fatty acids produced by the GM crops are not themselves genetically modified (they have no genes), and the same fatty acids are produced naturally from other sources. The debate about labeling GM foods is ongoing. While consumers want to be aware of what they are eating, producers of GM foods believe their harmless, and potentially beneficial, products will be avoided by consumers if labels were mandated. 

Even though GM foods – such as omega-3 enhanced GM oils – have the potential to offer health benefits, issues such as these presented above must be examined before they are fully integrated into the vast food market.
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