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Photosystem II (PSII) is a large homodimeric
protein-cofactor complex that acts as light-driven
water:plastoquinone oxidoreductase and is located in the
photosynthetic thylakoid membrane of plants, green algae
and cyanobacteria. The principal function of PSII is to
oxidize two water molecules at the unique Mn,Ca cluster to
molecular (atmospheric) oxygen, 4 protons and 4 electrons.
The protons serve to drive ATP synthetase and the electrons
reduce plastoquinone (Q,) to plastoquinol (Q,H,) that is
exported and delivers the electrons (through the cytochrome
bf complex) to photosystem I. Here the electrons gain a
high reducing potential and serve at NADP reductase to
generate NADPH that together with ATP reduces CO, to
carbohydrates in the Calvin cycle.

The crystal structure of PSII from Thermosynechococcus
elongatus at 2.9-A resolution [1] allowed the unambiguous
assignment of all 20 protein subunits and complete
modeling of all 35 chlorophyll a, 2 pheophytin, 2
cytochrome, 2 plastoquinone, and 12 carotenoid molecules,
25 integral lipids, 1 chloride ion and the Mn,Ca cluster per
PSII monomer. The presence of a third plastoquinone Q.
and a second plastoquinone-transfer channel, which were
not observed before, suggest mechanisms for plastoquinol-
plastoquinone exchange, and we calculated other possible
water or dioxygen and proton channels. Putative oxygen
positions obtained from Xenon derivative crystals indicate
a role for lipids in oxygen diffusion to the cytoplasmic side
of PSII. The chloride position suggests a role in proton-
transfer reactions because it is bound through a putative
water molecule to the Mn,Ca cluster at a distance of 6.5 A
and is close to two possible proton transfer channels.
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Membrane transport proteins are usually classified into
three groups: the primary active transporters, the secondary
active transporters and those using diffusion without
energy. The molecular mechanism of all of them is based
on the alternating access model [1]. Mhpl belongs to the
nucleobase—cation—symport-1 family of secondary active
transporters enabling the uptake of indolyl methyl- and
benzyl-hydantoins into M. liquefaciens. This is part of a
metabolic salvage pathway for their conversion to amino
acids [2].

Mhp1 has been cloned, heterologously expressed in E.coli,
purified and crystallized. The strucure was solved by
MIRAS and refined at 2.85 A resolution to R=24% and R
free=28.1% [3]. A second structure with the substrate bound
was solved by molecular replacement.

The overall architecture of the protein shows a monomer
with 12 transmembrane helices. The helices are arranged
in two repeating units (1-5 and 6-10), showing an opposite
topology with respect to the membrane and are related to
each other by a rotation of 168° around an axis in the center
of the membrane and parallel to its plane. The substratesand
cation-binding sites are all located in between a central
four-helix bundle and the surrounding helix coat.

The outward-facing open and outward-facing occluded
structures of this protein give detailed insights in the closing
mechanism of the substrate binding site. A comparison to
proteins with similar fold, LeuT Aa and vSGLT, discloses
the symmetrically inverted arrangement of the cavities in the
outward and inward facing conformations. The reciprocal
opening and closing of these cavities is synchronized by the
inverted repeat helices 3 and 8.

These results give for the first time structural insight in the
molecular mechanism of the alternate access model [3].
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