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A :;lfasma- membrane transport protein for which such detail is known i 4
bacterorfodepsin, a protein that serves as a light-activated proten (HY) pump in
the plasma membrane of certain archasa. The structure of bactenorhodopsin is
similar 1o that of many other membrane proteirs, and it merits a brief digression
hara, # Top

Bactenorhodopsin Is a Proton Pump That Traverses the Lipid
Bilayer as Seven d Halices

The “purple membrane” of the archacan Halbacterim salnarum is a specialized
pateh in the plagma membrane that containg a single species of protein malkecule,
bactarisrhadossin (Fi 1 . Each bacteriorhedopsin moleculs contains a
single light=absarbing group, or chromophore (called retinadl which gives the
protein its purple coker, Retinal s vitamin A in its aldehyde form and i dentical to
the chromephere fourd in rhedapadn of the photoreceptor cells of the vertebrate
eve (discussed in Chapter 15). Retinal is covalently linked to a lysine side chain of
the bacteriorhodopsin protein. When activated by a single photon of light, the
excited chromophore changes shape and causes a series of small conformational
changes in the protein that results in the transfer of one H* from the inside 1o
the outside of the cell (Eigure 10-37). In bright light, each bacteriarhedopsin
mokecule can pump ssveral hundred protons per second. The fight-driven proton
transfer establishes an H' gradient across the plasma membrane, which in turn
drives the preduction of ATP by a second protain in the call's plisma membrane,
as well as other processes that use the energy stored in the HY gradient. Thus,
bacteriorhodopsin is part of a solar energy transducer that provides energy to the
bacterial call,

To understand the function of 3 multipass transmembrane protein in molecular
detail, it is necessary to locate sach of its atoms precisely, which generally
requires »—ray diffraction studies of welordered three—dimensional crystals of
the protein, But because of their amphipathic rature, these protains are solubbe
only in detergent solutions and are difficult to crystallice. The numercus
bactericrhodopsin molecules in the purple membrans, however, are arrangad a5 3
planar two-dimensional crystal, The regular packing has made it possible to
determine the three—dimarsienal structure and orientation of bactenorhodepsin in
the membrana to high resalution {3 A) by an alternative approach, which uses a
comhbination of electron microscopy and electron diffraction analysis. This
procedurs, known as electron crystallography, is analogous 1o the study of
thres—dimensional crystals of soluble proteins by xoray diffraction aralysis. The
structure obtained by electron crystallbgraphy was later confirmed and extended
to highar resolution by ==ray crystallography. These studies showed that each
bacteriorhodopsin molecule & folded into saven closely pached & halices {each
containing about 25 amine acids), which pass through the lipid bilaver at slightly
diffarent angles (see Figure 10-37). By freezing the protein crystals at very low
temperatures, it has been possible to solve the structures of some of the
intermediate conformations the protein goes through during its purmping cycle. -
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