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Fig. 1  Structure and photocycle of BR

The transmembrane protein is composed of 7 a-helices,
and one retinal is covalently bound to the 216" lysine;
After illumination, a photocycle is triggered with the
intermediates represented by capitalized letters with the
subscripts denoting the maximum absorption wavelengths

in unit of nanometer.
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Fig. 2 Schematic presentation of the amino acid sequence of AR4 and the seven a-helix structure

(Adapted by permission of Elsevier)
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Fig. 3 Change of optical density at 456 nm,AOD s ,in the
aqueous suspension of AR4 or BR at neutral pH versus time
before and after illumination by a perpendicular beam of a
camera photoflash

The absorption change obtained by the difference of OD
values in the presence and absence of the pH-sensitive dye
pyranine measures the transient change of medium pH,
which indicates the time sequence of proton release and

uptake of the retinal proteins in a photocycle.
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Fig. 4 Schematic presentation of weak coupling between the

protonation of D85 and the decrease of pK, of PRC in the M

state of AR4''! ( Adapted by permission of Elsevier)
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Fig. 5 Schematic presentation of the time order of light-induced proton release and uptake in AR4

assemblies (left) in the claret membrane (CM) and monomers (right) dissolved by Triton X-100

AR4 assemblies in CM exhibit proton uptake preceding proton release at neutral pH, while proton release

precedes proton uptake in AR4 monomers.
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Fig. 6  Schematic presentation of photochemical reaction ( with single capital letters indicating the

intermediates in the photocycle) and proton transport (orange arrows) of AR4 monomer

At the normal pH, a proton is released to the extracellular side at the M state, and then another proton is

taken up from the cytoplasmic side at the O state. At very low pH (pH < pK, of PRC in the M state) , proton

release cannot occur before proton uptake. At very high pH (pH > pK, of PRC in the unphotolyzed state) ,

O intermediate is shunt during the photocycle. The subscripts “alk” denotes the states with respect to the red-

shifted form of the pigment in the alkaline pH. The pK, of PRC in the M state of monomeric pigment drops

significant to induce early proton release at neutral pH.
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Fig. 7 Kinetics of M decay of BR with the indicated

chemical additives in 10 mmol/L PBS
The molar ratios of chemical molecule/BR were kept as
750; All samples were measured at pH 7. 0%’ ( Adapted by

permission of The Royal Society of Chemistry).
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Fig. 8 Schematic presentation of the system of amphiphilic synthetic polymers and BR biomacromolecules

The hydrophobic PPO blocks are supposed to be inserted into the lipid bilayers; the hydrophilic PEO blocks and

also the attached micelles cover the surfaces of the purple membranes; The proteins under water eventually

experience a local polymeric coating, reminiscent of a BR/polymer film, which explains the effect of the

amphiphilic polymers on the prolongation of the M decay of retinal proteins.
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Fig. 9  Absorption spectra of recombinant AR4/PVA
composite film in ground and M state as indicated'®

( Permission of Acta Polymerica Sinica)
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Fig. 10  Global image of BR-D96V/PVA composite film before
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(a) Experimental setup for investigation of photoinduced anisotropy in a BR/PVA composite film and

corresponding image display; (b) Original image and (c¢) displayed image by three wavelengths (476, 533, and

633 nm) of probing beams with intensities of 0.22, 0. 88 and 0. 44 mW/cm?

Pumping beam :476 nm, 7 mW/cm? (104
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Fig. 12 Photographs of the transporting beam

switched with different shapes and wavelengths
based on BR/PVA composite films: (a) red
triangle, 633 nm, (b) blue square, 476 nm, (c)

green circle, 533 nm, (d) red triangle, 633

[105]

nm ( Adapted by permission of Chinese

Physical Society)
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Fig. 13 Optical graphs of purple membrane (PM) microarray cultured with MC3T3-E1

cells: (a) bright field and (b) fluorescent images

The bright-field (a) and fluorescent (b) images were taken 8 h after cell seeding.

Unattached cells were removed by rinsing with PBS before imaging. The purple regions in

(a) indicate PM patches linked to gold pixels; the dashed line in (b) indicates the

position of gold pixels. The Live/Dead straining made live cells in green and dead cells in

red observed in the fluorescent mode.
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LIGHT-DRIVEN PROTON PUMPS OF ARCHAERHODOPSIN
AND BACTERIORHODOPSIN AND POLYMER-MATRIX
COMPOSITE MATERIALS OF THOSE FUNCTIONAL PROTEINS

Ya-zhuo Wang, De-wang Ma, Ying-chun Zhao, Ming Ming, Jia Wu, Jian-dong Ding
( State Key Laboratory of Molecular Engineering of Polymers, Department of Macromolecular Science, Fudan University, Shanghai 200433)

Abstract Combination of biomacromolecules with biological activity and conventional synthetic polymers with
good mechanical and processing properties to prepare hybrid materials is a new branch in Material Science.
This paper summarizes the investigations of two light-driven proton pumps, bacteriorhodopsin ( BR) and
archaerhodopsin 4 ( AR4) ,with emphasis of the work by the authors’ group and their cooperators in the latest
decade. While BR was found forty years ago, AR4 is relatively new and was found by Chinese researchers one
decade ago. In this first review about AR4,the authors made comparison between AR4 and BR, introduced
their work of preparation of composite films composed of these retinal proteins and polymers. The review
summarizes a series of the achievements by the authors and their cooperators, for instance: (1) revealing the
mechanism of the light-driven proton pump in AR4 and putting forward a “ weak-coupling model”; (2)
finding that gellable amphiphilic polymers could enhance the relaxation time of AR4 and BR very significantly;
(3) developing techniques of encapsulating BR and AR4 into polymeric hydrogels; (4) finding that a purple
membrane containing retinal proteins can resist adhesion of mammalian cells; (5) a successful information
recording based upon protein-polymer composite films. Finally,the future research and potential applications of
the retinal proteins and corresponding functional materials are prospected.

Keywords Bacteriorhodopsin  ( BR ), Archaerhodopsin ( AR ), Purple membrane, Proton pump,
Photoelectric response, Photochromic response, Block copolymer, Functional polymeric material, Composite

material , Information material



