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            Abstract
Photosynthetic organisms adopt two different strategies for the reduction of the C17 = C18 double bond of protochlorophyllide (Pchlide) to form chlorophyllide a, the direct precursor of chlorophyll a (refs 1â€“4). The first involves the activity of the light-dependent Pchlide oxidoreductase5,6,7,8,9, and the second involves the light-independent (dark-operative) Pchlide oxidoreductase10 (DPOR). DPOR is a nitrogenase-like enzyme consisting of two components, L-protein (a BchL dimer) and NB-protein (a BchNâ€“BchB heterotetramer), which are structurally related to nitrogenase Fe protein and MoFe protein, respectively10,11. Here we report the crystal structure of the NB-protein of DPOR from Rhodobacter capsulatus at a resolution of 2.3â€‰Ã…. As expected, the overall structure is similar to that of nitrogenase MoFe protein: each catalytic BchNâ€“BchB unit contains one Pchlide and one ironâ€“sulphur cluster (NB-cluster) coordinated uniquely by one aspartate and three cysteines. Unique aspartate ligation is not necessarily needed for the cluster assembly but is essential for the catalytic activity. Specific Pchlide-binding accompanies the partial unwinding of an Î±-helix that belongs to the next catalytic BchNâ€“BchB unit. We propose a unique trans-specific reduction mechanism in which the distorted C17-propionate of Pchlide and an aspartate from BchB serve as proton donors for C18 and C17 of Pchlide, respectively. Intriguingly, the spatial arrangement of the NB-cluster and Pchlide is almost identical to that of the P-cluster and FeMo-cofactor in nitrogenase MoFe-protein, illustrating that a common architecture exists to reduce chemically stable multibonds of porphyrin and dinitrogen.
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                    Figure 1: 
                        Pchlide reduction and crystal structures of DPOR NB-protein and nitrogenase MoFe protein.
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Figure 2: 
                        Structures around the NB-cluster and the activity of NB-protein mutants.
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Figure 3: 
                        Pchlide-binding cavity and a proposed reaction mechanism for 
                        trans
                        -specific reduction.
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Figure 4: 
                        Common architecture of DPOR and nitrogenase.
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Some photosynthetic organisms â€” pine seedlings and other gymnosperms for instance â€” are capable of 'greening' in the dark, in contrast to the strict requirement of light for the greening of angiosperm seedlings such as peas. The enzyme behind this dark art is dark-operative protochlorophyllide (Pchlide) oxidoreductase (DPOR), which catalyses the stereospecific reduction of the C17=C18 double bond of Pchlide to form chlorophyllide a, the direct precursor of chlorophyll a. The crystal structure of the NB-protein component of DPOR from the purple phototrophic bacterium Rhodobacter capsulatus has now been determined. The structure suggests a possible chemical mechanism by which the reduction of the C17=C18 double bond of Pchlide may occur. And interestingly, DPOR resembles the well-known nitrogen-fixing enzyme nitrogenase, suggesting a close evolutionary relationship between molecular mechanisms for nitrogen fixation and producing chlorophylls in the dark.
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