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            Abstract
Vitamin B12 (cobalamin) was identified nearly 80â€‰years ago as the anti-pernicious anaemia factor in liver1, and its importance in human health and disease has resulted in much work on its uptake2, cellular transport3 and utilization4. Plants do not contain cobalamin because they have no cobalamin-dependent enzymes. Deficiencies are therefore common in strict vegetarians5, and in the elderly, who are susceptible to an autoimmune disorder that prevents its efficient uptake6. In contrast, many algae are rich in vitamin B12, with some species, such as Porphyra yezoensis (Nori), containing as much cobalamin as liver7. Despite this, the role of the cofactor in algal metabolism remains unknown, as does the source of the vitamin for these organisms. A survey of 326 algal species revealed that 171 species require exogenous vitamin B12 for growth, implying that more than half of the algal kingdom are cobalamin auxotrophs. Here we show that the role of vitamin B12 in algal metabolism is primarily as a cofactor for vitamin B12-dependent methionine synthase, and that cobalamin auxotrophy has arisen numerous times throughout evolution, probably owing to the loss of the vitamin B12-independent form of the enzyme. The source of cobalamin seems to be bacteria, indicating an important and unsuspected symbiosis.
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                        RTâ€“PCR analysis of genes involved in vitamin B
                        
                        12
                         metabolism.
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Figure 2: Effect of vitamin B12 deprivation on the green alga  L. rostrata.[image: ]


Figure 3: 
                        Interactions between bacteria and algae grown in co-culture.
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        Editorial Summary
To make B or not to make B...
Vitamin B12 (cobalamin) is one of nature's most complex metabolites. It is an essential human nutrient, and because it is not found in plants, strict vegetarians may suffer from deficiencies. Algae, including many seaweeds, are often rich in this vitamin and thus offer a good dietary source. However, until now the role of this cofactor in algal metabolism was unknown, as was the source of the vitamin for these organisms. A survey of the vitamin B12 requirements of more than 300 microalgal species has produced a startling result. Just under half of the algae have no requirement for the vitamin, and so are just like plants. But the rest of these supposedly autotrophic organisms require an external supply of the vitamin: they cannot make it themselves, rather it comes from tightly associated symbiotic bacteria.
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