JACS

OURNAL OF THE AMERICAN CHEMICAL SOCIETY

Subscriber access provided by UNIV OF YORK

Communication

Specific Radiation Damage lllustrates Light-Induced
Structural Changes in the Photosynthetic Reaction Center
Richard H. G. Baxter, Brandon-Luke Seagle, Nina Ponomarenko, and James R. Norris
J. Am. Chem. Soc., 2004, 126 (51), 16728-16729+ DOI: 10.1021/ja0448115 « Publication Date (Web): 04 December 2004
Downloaded from http://pubs.acs.org on April 5, 2009

More About This Article

Additional resources and features associated with this article are available within the HTML version:

. Supporting Information

. Links to the 2 articles that cite this article, as of the time of this article download
. Access to high resolution figures

. Links to articles and content related to this article

. Copyright permission to reproduce figures and/or text from this article

View the Full Text HTML

ACS Publications

High quality. High impact. Journal of the American Chemical Society is published by the American Chemical
Society. 1155 Sixteenth Street N.W., Washington, DC 20036


http://pubs.acs.org/doi/full/10.1021/ja0448115

JIAIC[S

COMMUNICATIONS

Published on Web 12/04/2004

Specific Radiation Damage lllustrates Light-Induced Structural Changes in
the Photosynthetic Reaction Center

Richard H. G. Baxter,*' Brandon-Luke Seagle, Nina Ponomarenko, and James R. Norris
Department of Chemistry, Unérsity of Chicago, 5735 South Ellissénue, Chicago, lllinois 60637

Received August 27, 2004; E-mail: rbaxter@alumni.uchicago.edu

The photosynthetic reaction center of the purple non-sulfur 6:1, with the exception of the difference map for low-temperature
bacteriumBlastochlorisviridis was the first integral membrane illumination (Figure 1b), whose strongest features exteno.
protein whose structure was determined to atomic resolditigpon The significant differences observed in Figure 1b are the result
excitation by light, an electron is donated by a special pair (P) of of radiation damage. This damage is not distributed evenly
bacteriochlorophyll molecules, eventually arriving at the terminal throughout the protein, however, but localized on specific suscep-
electron acceptor £ The special pair is rereduced by a set of four tible groups'® The most significant features in the difference
hemes within a tightly bound cytochrome subunit, which are between the dark and low-temperature illuminated dataset lie in a
distinguished by their absorption maxima and redox potentials. The cluster at the interface of the L, M, and H subunits (Figure S2),

order of proximity for the four hemes is: Bssg (+380 mV), Css2 between the @ site and the protein surface where a channel of

(+20 mV), cs56 (320 MV), Cs54 (—60 mV)2 ordered water leads from thegQsite to the cytoplasri In
We have previously used time-resolved crystallography to particular, a—9¢ peak occurs to Glu M234, which occupies a

investigate a proposed structural change inBheiridis reaction position in B. viridis similar to Glu H122 in theRhodobacter

center’ No large-scale motions were apparent in the experimental sphaeroidesRC, at the bifurcation point of the water channel.
difference Fourier map; in particular, no motion of the secondary Electrostatic calculations 8. ziridis suggest that a cluster of
acceptor @ was observed. To test this result further, a freeze- glutamic acid residues including Glu M234 contains 1 to 2 protons

trapping experiment has been performedBinviridis. While the in the pH range 51111 Hence, the susceptibility of Glu M234 to
position of @ is unchanged, difference Fourier maps do show radiation damage illustrates its position of physiological relevance
significant changes correlated to cofactor function. for proton transfer to @

Reaction centers were prepared as previously desctildem. The difference Fourier map for the flash-frozen crystal is

specific chemical oxidation or reduction was performed during qualitatively different to both the dark and low-temperature
purification so as to alter the redox state of the bound cytochrome. illumination datasets (Figure 1c,d). This reflects the lower resolution
Absorption spectra (Figure S1) show that all but the highest potential of the flash-frozen dataset and the systematic and random errors
heme €ss9) are mostly oxidized. Reaction centers were crystallized between the two crystals. The most significant difference between
under standard conditiohand transiently soaked in a sucrose the low-temperature illumination and the freeze-trapping difference
cryobuffer similar to that previously used to freeze crystals for EPR Fourier map is that, in the flash-frozen crystal, the damage in the
analysis® water channel to ®is much reduced in magnitude relative to
Three datasets were measured from two crystals. The first crystalspecific changes observed on the two distal hemes. This difference
was frozen in darkness and a dataset collected, and then a furthefs retained, albeit at lower magnitude, in the difference between
dataset was collected under continuous illumination at 100 K. This the two light datasets (Figure 1d). However, an inverse of
illumination regime should probe the staigs"Qa™, since electron  differences observed in Figure 1b is not observed in Figure 1d.
transfer to @ does not occur for samples frozen in darkrfeshe Figure 2 shows the nature of the specific damage to the hemes.
second crystal was illuminated with a single flash from a Xenon Three features are seen at 6n the two most distal hemesss,
flash lamp and immediately frozen, and then a dataset was collectedandcssg, a negative feature adjacent to the iron, and positive features
in the dark. This crystal should exist in the charge-separated stateon the proximal histidine ligand and on the distal side of the
during freezing, as charge recombination of thgy"Qg~ state is porphyrin ring.
slow.” Since charge recombination can still occur at 100 K,  we propose that these changes are due to radiation-induced
however, data collection should probe the charge-neutral state. reduction of the distal hemes, which causes a small rearrangement
The dark dataset was collected from 90 images with 5-s exposuredue to strengthening of the Met-Fe boldlhe two distal hemes,
per image, the low-temperature illumination dataset from a further \which have solution midpoint potentials 660 mV (css4) and 320
90 images with 20-s exposure per image, and the flash-freeze dataseh (css¢), were both initially oxidized. The highest potential heme
collected from 135 images with 30 s per image. The radiation dose ¢, is reduced in the sample, and hence no features are seen;

for the dark dataset was estimated by the progRADDOSEt0  although reduction of the low potential herog, may occur, its
be 8 x 10° Gy with the ratio of doses in the three datasets being proximal and distal ligands are identical, and thus no overall
1:5:9. rearrangement is observed.

Figure 1 shows the difference Fourier map for the first crystal  \why is the distribution of radiation damage different between
(low-temperature illumination). While it is not possible to compare  the flash-frozen crystal and that collected under low temperature
the absolute scale of different maps, all had maximum and minimum jjjumination? Although they may merely be artifacts of the lower
electron density ratios similar to the rms electron density ratio of resolution in the flash-frozen dataset, we believe the differences
reflect the reorganization of protein and ordered water in the protein
T Present address: Howard Hughes Medical Institute Research Laboratories,to accommodate the appearance of a negative charge. &uoh
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9050. reorganization is free to occur in the second crystal that exists in
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(d)

Figure 1. (a) Protein surface of PRC colored by subunits C (green), L (yellow), M (red) and H (blue), and cofactors. Difference Fourier maps for (b)
low-temperature illumination vs dark, (c) flash-frozen vs dark, and (d) flash-frozen vs low-temperature illumination. Number of reflectiomnam:co
87,826 (dark and low temp. illum.), 43,991 (dark and flash-freeze) and 42,625 (low temp. illum. and flash-freeze. Phases obtained from a mnogdel follow
simulated annealing and deletion of atoms near significant features. Difference amplitudes weighted by their relative error.

will allow more accurate determination of the extent of structural
rearrangements due to electron transfer within this biological system.
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