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Polyunsaturated fatty acids and probiotic lactic acid bacteria are reported to be effective to prevent metabolic 
syndrome.  The mechanism, however, was not clear yet.  We revealed the polyunsaturated fatty acid saturation 
metabolism in Lactobacillus plantarum AKU 1009a, which converted linoleic acid into conjugated linoleic acid 
(CLA)1).   
 
The enzyme system for this saturation metabolism was found to consist of four enzymes (hydratase2), 
dehydrogenase3), isomerase, enone reductase4)) and generate hydroxy fatty acids, oxo fatty acids, and 
conjugated fatty acids as intermediates.  The homologous genes encoding these four enzymes were found in 
genome sequences of many gut microorganisms.  Therefore, acting in concert, gut microbiota may mediate the 
unsaturated fatty acid saturation metabolism in gastrointestinal tract.   
 
Furthermore, we confirmed the existence of these fatty acids in host tissues depending on the existence of gut 
microbes using specific pathogen free (SPF) mouse and germ free mouse1).  Successive analysis revealed 
health promoting activity of these hydroxy and oxo fatty acids, i.e., intestinal epithelial barrier protection5), anti-
obesity6), and anti-diabetic activity7), etc.  Therefore, we developed novel production system for these fatty acid 
metabolites using the enzymes from probiotic lactic acid bacteria8,9,10).   
 
10-hydroxy-cis-12-octadecenoic acid (HYA), an initial intermediate of linoleic acid saturation, has 
immunomodulatory activity and ameliorates intestinal epithelial barrier impairment, etc5). HYA was found in 
foods such as cheese, bacon, milk and vegetable pickles, but at low level. We developed hydroxy fatty acid 
production process using fatty acid hydratase in probiotic lactic acid bacteria. HYA was produced from safflower 
oil rich in linoleic acid (approximately 75%) with high conversion rate of approximately 50% with Lactobacillus 
plantarum. We achieved the industrial scale production using 2,000 L fermenter and 500 L reactor. Other C18 
Δ9 unsaturated fatty acids such as oleic acid, α-linolenic acid, and γ-linolenic acid were also converted to 
corresponding 10-hydroxy fatty acids. The various hydroxy fatty acids provided by this technology using fatty 
acid hydratase in probiotic lactic acid bacteria are promising as novel functional fatty acids. 
These studies could open a new application of the enzymes involved in polyunsaturated fatty acid saturation in 
lactic acid bacteria to novel functional lipid production.  
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