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AT—¥ 3 VRBRXERE (2005.1.22 )

SRR W T
BL V/X_ IR [ 97 98 99 00 0l 02 03 04] 97-04  97-03
1 A |crystal structure anal. X B 2 5 6 2 0 2 2 4 23 2.7
1 B |powder diffraction X B 0 2 7 12 5 11 13 3 53 7.1
1 C |VUVSX photoelectron spectroscopy GIM B 0 0 10 17 10 13 8 13 71 8.3
2 A |SX spectroscopy SX U 4 2 4 1 1 0 3 0 15 2.1
2 C |SX spectroscopy GIM U 3 2 1 6 4 6 10 15 47 4.6
3 A |diffraction and scattering X B 1 18 12 21 18 15 8 6 99 133
3 B |VUVSX spectroscopy GIM B 11 9 15 9 2 4 7 10 67 8.1
3 C [X-ray optics development, magnetic Bragg scatt. X B 3 1 3 0 3 4 2 2 18 2.3
4 A |trace element analysis, microprobe X B 15 20 19 14 15 15 12 2 112 15.7
4 B [microcrystal, powder diffraction X B 13 11 10 4 14 3 2 0 57 8.1
4 C |[diffraction and scattering X B 6 8 13 13 7 17 12 5 81 10.9
5 macromolecular crystallography X MPW - - - - - - - 6 6 0.0
6 A |macromolecular crystallography X B 40 37 62 36 41 34 28 27 305 39.7
6 B [macromolecular crystallography (SBSP) X B 29 19 38 18 9 12 7 10 142 18.9
6 C |macromolecular crystallography (SBSP) X B 4 6 1 3 1 0 0 3 18 2.1
7 A |SX XAFS, XMCD, XPS(RCS) GIM B 1 3 1 2 12 9 14 7 49 6.0
7 B |XPS, ARPES (RCS) NIM B 0o 3 5 3 3 1 0 1 16 2.1
7 C |XAFS, scattering X B 70 50 57 40 44 27 26 11 325 44.9
8 A |SX spectroscopy (Hitachi) GIM B 0 1 0 0 0 0 2 0 3 0.4
8 B |XAFS (Hitachi) X B 0 0 1 1 1 0 0 0 3 0.4
8 C [tomography, microscopy (Hitachi) X B 1 3 2 2 0 1 2 0 11 1.6
9 A |XAFS X B 0 0 2 10 26 24 29 6 97 13.0
9 C |SAXS, diffraction, DXAFS X B 1 1 3 4 7 6 8 9 39 4.3
10 A |diffraction and scattering X B 6 10 6 10 7 4 1 5 49 6.3
10 B |XAFS X B 74 45 S8 47 54 49 48 12 387 53.6
10 C |SAXS X B 16 25 29 16 22 19 15 6 148 20.3
11 A |SX spectroscopy GIM B 9 10 10 7 8 5 8 5 62 8.1
11 B |SEXAFS, SX spectroscopy SX B 22 11 17 6 5 3 10 4 78 10.6
11 C [VUV spectroscopy NIM B 1 6 9 6 6 5 3 1 37 5.1
11 D |XPS GIM B 2 6 7 1 0 5 2 5 28 33
characterization of VUVSX optical elements, SX
12 A Spectroscopy P GIM B 32 4 2 4 7 1 1 24 33
12 B [VUYV high-resolution spectroscopy NIM B 32 0 5 2 3 3 1 19 2.6
12 C |XAFS X B 11 16 30 20 30 18 26 13 164 21.6
13 A |high temp DAC X MPW 0 1 0 4 4 6 5 9 29 29
13 B |XAFS, diffraction X MPW | 10 11 11 12 8 8 10 6 76 10.0
13 C |XPS, SX XAFS GIM U 8 3 4 4 7 2 5 1 34 4.7
14 A |crystal structure anal. X VW 10 15 14 15 16 7 8 2 87 12.1
14 B |high precision optics X VW 7 9 9 11 8 7 8 1 60 8.4
14 C |medical, high pressure MAX-IIT X VW 13 17 7 9 14 22 4 6 92 12.3
15 A |SAXS X B 26 24 206 19 22 19 23 8 167 22.7
15 B [topography, magnetic scat., surface diff. X B 2 8 9 9 8 7 7 5 55 7.1
15 C_|high resolution diffraction X B 8§ 13 8 13 18 8 8 10 86 10.9
16 A |versatile X MPW 37 6 4 6 14 8 8 56 6.9
16 B |SX spectroscopy GIM U 2 3 6 8 6 8 12 7 52 6.4
17 A |XAFS (Fujitsu) X B 4 1 2 2 3 0 1 0 13 1.9
17 B [photochemical vapor deposition (Fujitsu) \Y% B 0 0 0 0 0 0 0 0 0 0.0
17 C_|GIXD, XFA (Fujitsu) X B 1 2 3 0 0 0 0 0 6 0.9
18 A |ARPES (ISSP) GIM B 9 9 10 4 4 11 3 2 52 7.1
18 B |macromolecular crystallography X B 23 18 49 28 28 40 36 20 242 31.7
18 C |DAC X B 10 12 10 9 20 11 6 7 85 11.1
19 A |spin-resolved PES (ISSP) GIM U 6 9 4 1 5 6 1 1 33 4.6
19 B |spin-resolved PES, SX emission (ISSP) GIM U 9 10 2 6 7 6 4 1 45 6.3
20 A |VUYV spectroscopy NIM B 5 4 7 1 2 5 6 2 32 43
20 B |versatile (Australia) X B 0 0 1 0 21 12 16 9 59 7.1
27 A |radiation biology, XPS SX B 8 7 10 10 8 6 5 4 58 7.7
27 B |radiation biol., XAFS, diffraction, scattering X B 3 6 10 5 6 7 5 4 46 6.0
28 A |VUVSX spectroscopy with Circularly polarized SR| GIM ~ EU 2 8 4 5 3 5 0 0 27 39
28 B |XMCD X EMPW 5 3 5 5 4 3 2 0 27 39
NEI A [Compton scat., Angiography X EMPW 6 7 7 4 6 0 0 4 34 43
NEI B |VUVSX spectroscopy with Circularly polarized SR| GIM  EU 3 3 3 3 3 0 0 0 15 2.1
NE3 nuclear resonant scat. X XU 1 4 0 3 0 0 6 0 14 2.0
NES5 A [medial applications X B 10 9 4 5 6 4 1 1 40 5.6
NES C _|high pressure (MAX80) X B 6 8 1 2 6 13 5 2 43 5.9
NW 2 |time-resolved experiments X U - - - - - - - 5 5 0.0
NW 12 |macromolecular crystallography X U - - - - - - - 25 25 0.0
Photon Factory total 515 502 569 477 544 454 424 298 3783 497.9
cf. SPring-8 total 63 60 98 177 366 351 372 219
cf. ESRF total 545 567 826 876 1227 1155 1280 1015
cf. APS total 48 113 224 407 480 530 564 314
cf. ALS total 342 301 345 352 399 380 430 418
cf. NSLS total 808 708 662
cf. Elettra total 172 188 206 179 94
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Figure 1

The whole PS Il particle located in the thylakoid membrane of
chloroplast. The marked part "Lhcb1+2+3" is protein LHC-II in the
thylakoid membrane of chloroplast and the location of the major
light-havesting complex II. This figure is referenced from Nield, J.(1997)
Ph.D. Thesis, University of London, UK.
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Figure 2

Electron-density map at 2.72 A resolution. 2Fo—Fc density (1.5 X o
level) are all shown as royal purple. a, Chla and b, Chlb. The cyan
cage in b shows Fo—Fc density (4.0 x & level). No residual 2Fo—Fc or
Fo—Fc¢ density appears around Chla C7-methyl, while strong 2Fo—Fc
and Fo—Fc densities show up at the position of Chlb C7-formyl if it is
omitted. ¢, N-terminal region including binding sites for a Chlb (cyan)
and a phospholipid coordinated to a Chla (green). d, Two antiparallel
polypeptide strands in the EC loop region with one Chlb bound.
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Table 1 Composition of a monomeric LHC-II

232-amino-acid residue-polypeptide

14 Chlorofiles 3
8 Chla, 4 Chlb

4 carotenoids

#0007 { ka R=CHs
yuua7 ¢ kb R=CHO

2 lutein, 1 neoxanthin,

1 xanthophyl-cycle carotenoid
2 lipid molecules

1PG, 1DGDG (detergent)

CH

Figure 3

Organization and packing of the icosahedral particles. a, Schematic
drawing of one-half of the LHC-II proteoliposome viewed along
the ¢ axis of the hexagonal cell. b, Packing diagram of ‘Type III’
membrane-protein crystal, showing the contacts between icosahedral
spherical particles in the hexagonal cell. Only polypeptides are shown
for clarity. The N-terminal domain and AC loop region located at the
stromal surface are involved in the crystal packing.
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Figure 4

LHC-II trimer located in the biological membrane. The colorized part is
the center of the LHC-II trimer, including peptide, pigments and lipids.
The two black lines at each side of LHC-II show the lipid bilayer of
membrane. And the upside one shows the stromal layer of membrane,
and down one shows the lumeral side of the lipid bilayer.
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Figure 5

Secondary structure of monomeric LHC-II apoprotein and trimerization.
View in parallel with the membrane plane. a, The vertical line indicates
the approximate direction of the membrane normal and the position of
the pseudo-C, axis. Helices are labelled A—E. Helix E is newly defined,
whereas others are labelled as before[2]. The inclination of each helix
with respect to the membrane normal is shown in parentheses, along with
the residue range marked below each value. b, The interface between
two adjacent monomers is shown, yellow, amino-acid residues; green,
Chla; cyan and blue, Chlb; magenta, xanthophyll-cycle carotenoid;
pink, PG; red, water; maroon, Cq, traces of N-terminal (Ser 14—Asp 54)
and C-terminal (Asp 215-Gly 231) polypeptide chain. The vertical line
represents the local C; axis of an LHC-II trimer.

Figure 6
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Pigment arrangement in the trimeric and monomeric LHC-II. a, Stereo view showing the pigment arrangement pattern in the LHC-II trimer. View from
the stromal side. Monomers are labelled I-III. For clarity, the chlorophyll phytyl chains and lipids are omitted. Green, Chla; blue, Chlb; yellow, lutein;
orange, neoxanthin; magenta, xanthophyll-cycle carotenoid. b, ¢, Pigment pattern in a monomer at the stromal and lumenal sides, respectively. Colour
designation the same as in a. d, e, Arrangement of chlorophylls within a LHC-II trimer at the stromal and lumenal sides, respectively. Chlorophylls are
represented by three atoms: the central magnesium atom and two nitrogen atoms. The connecting line between the two nitrogens defines the directions
of the Q transition dipole. Green, Chla nitrogen; blue, Chlb nitrogen; grey, magnesium; purple and blue ellipse, approximate monomer area. The
magenta numerlcal note near the dark line connecting two chlorophylls indicates the distance (A) of central magnesium.
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Table 2 Coordinations of chlorophylls and their interactions with local environments.

Hydrogen bond partner of Chlb

Hydrogen bond partner to

Chlorophylls Central ligands C7-formyl chlorophyll C13'-keto group
Chlb 601 Tyr 24 = -
Chla 602 Glu 65 Tyr 44 N, Trp 46 N
Chla 603 His 68 Wat
Chla 604 Wat 309 - Leu 113N
Chlb 605 Val 119 * Gln 122 N, Ser 123 N -
Chlb 606 Wat 310 Wat 308 (ligand of Chlb 607)
Chlb 607 Wat 308 Gln 131 NE2 -
Chlb 608 Wat 302 Leu 148 N Arg 70 NH1
Chlb 609 Glu 139 Gln 131 NE2 His 68 ND1
Chla 610 Glu 180 - Gly 158 N
Chla 611 Phospho-diester -
Chla 612 Asn 183
Chla 613 Gln 197
Chla 614 His 212

* These residues contribute their backbone carbonyls to coordinate with the central magnesium of chlorophylls.
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Helium double photo-excitation studies with the ''Lifetime Resolved Fluorescence'' method
using single-bunch synchrotron radiation

James HARRIES
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Figure 1 Doubly-excited states in helium. (Domke et al. [1])
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