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Carotenoids are natural pigments synthesized by bacteria, archaea, algae, fungi, and plants.
They are involved in photosynthesis as accessory pigments, functioning as antioxidants, light
protection pigments, and membrane stabilizers. Extremely halophilic archaea produce Csg
carotenoids, while the carotenoids of plants and microorganisms usually consist of Ca
carotenoids. Biosynthesis of the Csy carotenoids in extremely halophilic archaea has been
elucidated by the analogy with that of other organisms. However, the details of the carotenoid
biosynthetic pathway in extremely halophilic archaea remain unclear.

Haloarcula japonica is a predominantly triangular, disc-shaped extremely halophilic
archaeon that requires high concentrations of NaCl for growth. Ha. japonica has red cells,
suggesting this organism might produce carotenoids. The carotenoids produced by Ha.
Jjaponica were identified to be Cso carotenoid bacterioruberin. Recently, the draft genome
sequence of Ha. japonica has been determined. By homology analysis, a gene cluster,
including c0507, c0506, and c0505, was found and predicted to be involved in the synthesis
of bacterioruberin. To elucidate the function of the encoded enzymes, we constructed Ha.
Jjaponica mutants of these genes and analyzed carotenoids produced by the mutants.

Our research showed that c0507, c0506, and c0505 encoded a carotenoid 3,4-desaturase
(CrtD), a bifunctional lycopene elongase and 1,2-hydratase (LyeJ), and a Cso carotenoid
2"3"-hydratase (CruF), respectively. The above three carotenoid biosynthetic enzymes
catalyze the reactions that convert lycopene to bacterioruberin in Ha. japonica. This is the
first identification of functional CrtD and CruF in archaea, and elucidation of the complete
biosynthetic pathway of bacterioruberin from lycopene.

Furthermore, we examined antioxidant capacity of carotenoids from Ha. japonica. BR
produced by Ha. japonica have higher scavenging ability toward singlet oxygen and free
radical (DPPH) than C4 carotenoid j3 -carotene.
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