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01010681 K. Hirose, M. Kihara, D. Kobayashi, H.
Okamoto, S. Shinagawa, H. Nohira, E.
Ikenaga, M. Higuchi, A. Teramoto, S.
Sugawa, T. Ohmi and T. Hattori * X-ray
photoelectron spectroscopy study of
Dielectric constant for Si compounds” ,
Appl. Phys. Lett. 89 (2006) 154103-1~3.
T. Hattori, H. Nohira, K. Azuma, K. W.
Sakai, K. Nakajima, M. Suzuki, K.
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Kimura, Y. Sugita, E. lkenaga, K.
Kobayashi, Y. Takata, H. Kondo and S.
Zaima" Study on the gate insulator/silicon
interface utilizing soft and hard X-ray
photoelectron spectroscopy at SPring-8” ,
Int. J. High Speed Electron. Sys. 16 (2006)
353-364.

A. Ohta, H. Nakagawa, H. Murakami, S.
Higashi, S. Miyazaki, S. Inumiya and Y.
Nara® Photoemission Study of Ultrathin
HfSION/Si(100) Systems’, Trans. of the
Mater. Res. Soc. of Japan, 31 (1), (2006)
125-128.
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30 Phase-contrast imaging of lungs
goooood

Rob Lewis[d Monash University[]

goooooooo

2005B0002

goooooog

BL20B2

gododod
goooooog
goooooog

In the Long Term proposal of 2005B0002 and the
continuance, the project leader and colleagues have
successfully developed the phase contrast X-ray imaging
(PCI) to image and measure the rate and spatial pattern
of lung aeration in spontaneously breathing newborn
rabbit pups. They demonstrate the importance of
respiratory activity in newborn rabbit pups from the very
first breath after birth and provide important information
on the process leading to airway liquid clearance at birth.
They also have validated the air volume measurements
based on both PCI and water plethysmograph methods.
Since the PCI has been established as an imaging
technique for observing soft tissues and airway liquid
clearance, we conclude that the project has worked out as
scheduled.

Their experiments planned for the third year include
(1) the studies detailing the effect of body position and
body rotation on lung aeration, (2) the imaging of
mechanically ventilated anesthetized preterm rabbit
pups, (3) the potential use of analyzer-based PCI, and (4)
the quantitative mathematical modeling to determine the



size distribution of respiratory units of the lung. We
have recommended the continuance of this project for
the third year, since the biological and medical
application of PCI enables us to provide totally new
information in diagnosis. We have great expectations
that their sensitive technique can detect abnormalities in
tissue movement due to lung disease. This midterm
review has been made through the critical reviewing for
their submitted documents.

goooooo
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M. J. Kitchen, R. A. Lewis, S. B. Hooper,
M. J. Wallace, K. K. W. Siu, I. Williams, S.
C. Irving, M. J. Morgan, D. M. Paganin, K.
Paviov, N. Yagi and K. Uesugi : Dynamic
Studies of Lung Fluid Clearance with Phase
Contrast Imaging, in J-Y. Choi and S. Rah,
eds. Ninth International Conference on
Synchrotron Radiation Instrumentation,
May 28 - June 2, 2006, Daegu, Korea. AIP
Conference Proceedings Vol.879 (2007)
1903-7.

S. B. Hooper, M. J. Kitchen, M. J.
Wallace, N. Yagi, K. Uesugi, M.J.
Morgan, C.J. Hall, K.K.W. Siu, |. M.
Williams, M. Siew, S. C. Irvine, K.
Pavlov and R. A. Lewis : Imaging lung
aeration and lung liquid clearance at birth.
FASEB J, submitted.
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oo onon200/7050310000

OOoO0O0OOO0O0O0o0oooooooooOoodspPring-8000000000O0O0O0O0O0O0OOOOOOODOOO

Beamline Name Pug:lﬁcléjse 019971998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | total
BLO1B1 : XAFS (1997.10) 15 17 34 24 18 18 27 28 4 185
BLO2B1 | Single Crystal Structure Analysis (1997.10) 2 5 3 9 15 15 10 9 9 2 79
BLO2B2 | Powder Diffraction (1999. 9) 13 26 35 48 41 33 24 4 224
BLO4B1 | High Temperature and High Pressure Research (1997.10) 3 4 9 13 17 8 22 9 8 2 95
BL04B2 3 High Energy X-ray Diffraction (1999. 9) 6 15 8 18 12 13 8 80
BLOSW | High Energy Inelastic Scattering (1997.10) 2 5 4 14 5 10 9 10 16 4 79
BLO9XU | Nuclear Resonant Scattering (1997.10) 5 5 4 10 13 7 6 8 2 60
BL10XU : High Pressure Research (1997.10) 2 10 12 20 21 19 21 28 15 11 159
BL13XU! Surface and Interface Structure (2001. 9) 7 12 18 14 5 56
BL19B2 | Engineering Science Research (2001.11) 6 14 20 14 2 56
é BL20B2 | Medical and ImagingC) (1999. 9) 5 14 16 12 25 10 5 2 89
g BLZOXUj Medical and Imagingl] (2001. 9) 2 13 4 7 5 1 32
8 BL25SU: Soft X-ray Spectroscopy of Solid (1998. 4) 2 6 14 17 23 13 30 34 14 6 159
M | BL27SU ! Soft X-ray Photochemistry (1998. 5) 3 2 8 10 19 17 23 41 32 8 163
% BL28B2 White Beam X-ray Diffraction (1999. 9) 1 1 1 9 7 8 5 1 33
,f BL35XU: High Resolution Inelastic Scattering (2001. 9) 1 2 5 8 5 3 5 29
BL37XU | Trace Element Analysis (2002.11) 1 12 11 9 5 38
BL38B1 | Structural BiologyO (2000.10) 1 4 13 26 30 29 5| 108
BL39XU ! Magnetic Materials (1997.10) 4 8 7 18 5 11 15 10 10 4 92
BL40B2 | Structural BiologyO (1999. 9) 1 15 24 30 31 30 19 11 161
BL40XU | High Flux (2000. 4) 1 1 3 3 3 9 9 9 6 44
BL41XU: Structural BiologyL[l (1997.10) 1 1 13 14 21 30 35 45 52 39 11 262
BL43IR ! Infrared Materials Science (2000. 4) 5 1 5 10 5 4 36
BL46XU! R&D (2000.11) 1 3 6 3 8| 10 31
BLA7XU! HXPES[O MCT (1997.10) 2 4 9 13 9 6 16 25 17 6 107
BL11XU : Quantum Dynamics (1999. 3) 3 3 1 1 2 1 11
g BL14B1 Materials Science (1998. 4) 2 2 9 5 1 2 3 1 25
5 » BL15XU; WEBRAM (2002. 9) 3 4 8 1 16
T “C’ BL19LXU:! RIKEN SR Physics (2002. 9) 1 3 1 5
2 E BL22XU§ Quantum Structural Science (2004. 9) 1 4 1 6
2 S| BL23SU' Actinide Science (1998. 6) 1 > 1 2 > 2 9 3 26
= @ BL29XU : RIKEN Coherent X-ray Optics (2002. 9) 1 1 2 4
E BL44B2 | RIKEN Structural Biology[] (1998. 5) 1 2 2 1 2 3 11
BL45XU | RIKEN Structural Biology(] (1997.10) 1 2 6 5 9 9 5 4 4 45
0000000000000 0 Subtotal 3 24 75 | 130 258 | 302 | 354 | 452 | 485 | 393 | 130 | 2606
BL11XU | Quantum Dynamics 1 1 3 3 2 3 7 5 6 2 33
BL12B2 | NSRRC BM (2001. 9) 1 3 16 19 17 1 57
BL12XU! NSRRC ID (2003. 2) 1 5 6
g BL14B1 | Materials Science 2 2 4 7 5 7 4 3 1 35
E BL15XU: WEBRAM (2001. 4) 2 10 6 3 3 12 2 38
8 BL16B2 Industrial Consortium BM (1999. 9) 9 3 1 1 2 5 1 22
M | BL16XU ! Industrial Consortium ID (1999. 9) 1 1 1 1 4 4 5 17
§ BL22XU | Quantum Structural Science 1 3 8 12
‘E‘ BL23SU! Actinide Science 2 1 2 13 11 11 13 5 5 1 64
8 BL24XU: Hyogo Prefecture ID (1998.10) 2 3 13 21 18 12 11 8 6 4 98
BL32B2 | Pharmaceutical Industry (2002. 9) 6 3 2 2 13
BL33LEP: Laser-Electron Photon (2000.10) 2 2 3 3 2 1 13
BL44XU: Macromolecular Assemblies (2000. 2) 1 9 10 17 20 17 2 76
0000000000000 0 Subtotal 0 9 7 24 58 66 67 89 79 69 16 484
o | BL17SU; Coherent Soft X-ray Spectroscopy 2 5 3 10
& |'BL19LXU| SR Physics 1 4 3 2| 1 6 [ 10 37
C_% BL26B1 : Structural Genomicsl] 2 18 35 22 5 82
& | BL26B2 ; Structural Genomicsl 1 5 4 6 3 19
= | BL29XU | Coherent X-ray Optics 2 15 9| 18 11 13 3 71
L | BL44B2 _Structural Biology( 4] 13| 19| 20| 29| 22| 18| 13 1] 139
@ | BL45XU | Structural Biology(l 1 2 4 17 16 14 21 20 15 14 1 125
0000000000dnoloSubtotal 1 3 8| 32 54| 46| 73| 89| 96| 71 10 | 483
| 00000000000NET Sum Total | 63| 60| 99 183 | 369 | 367 | 434 | 557 | 580 | 462 | 140 | 3314 ]

NET Sum TotallO OO0 0000000 M OO0O0O000000COOO00OOOOOODOOODOO
0DO000o0o0MBLIDO0O0DO0DOODOODO0OO0DOOO000O0DDO0OO

00000000000 000000 0 http://www.spring8.or.jp/ja/users/intellectual_property/article/publicfolder_view[I] 20070 50 31000
ooooooooobboOOobObDo@moooboooooooooooo

00ooooooogspring-8000000000C0OOODOOOOOOOOOOOOSPing-800000O0O0ODOODODOO
gooD spPring-800000000O00ODOOOOOOODOODOOOOO
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Jodddoooooooozoo70s50310000

0000o0o00oo0ooooOooooogoosPring-800000000D0OOCO0O0ODOOO0ODOOOODOOOO

Beamline Name Puglilrzsclése Rgéggargd Proceedings pub%t:g?irons Total
BLO1B1 : XAFS (1997.10) 185 33 23 241
BLO2B1 : Single Crystal Structure Analysis (1997.10) 79 11 13 103
BLO2B2 | Powder Diffraction (1999. 9) 224 13 35 272
BLO4B1 | High Temperature and High Pressure Research (1997.10) 95 8 25 128
BLO4B2 | High Energy X-ray Diffraction (1999. 9) 80 6 16 102
BLOSBW ! High Energy Inelastic Scattering (1997.10) 79 6 27 112
BLO9XU | Nuclear Resonant Scattering (1997.10) 60 13 16 89
BL1OXU | High Pressure Research (1997.10) 159 13 31 203
BL13XU | Surface and Interface Structure (2001. 9) 56 7 20 83
BL19B2 | Engineering Science Research (2001.11) 56 26 21 103
» | BL20B2 | Medical and Imagingl] (1999. 9) 89 40 37 166
E BL20XU | Medical and Imagingl] (2001. 9) 32 15 13 60
E BL25SU Soft X-ray Spectroscopy of Solid (1998. 4) 159 2 24 185
g BL27SU Soft X-ray Photochemistry (1998. 5) 163 10 16 189
o | BL28B2 | White Beam X-ray Diffraction (1999. 9) 33 11 10 54
g BL35XU High Resolution Inelastic Scattering (2001. 9) 29 3 4 36
o | BL37XU | Trace Element Analysis (2002.11) 38 7 20 65
BL38B1 | Structural Biology(] (2000.10) 108 10 8 126
BL39XU ! Magnetic Materials (1997.10) 92 8 35 135
BL40B2 | Structural Biology[] (1999. 9) 161 6 27 194
BL40OXU ! High Flux (2000. 4) 44 6 20 70
BL41XU : Structural Biology[l (1997.10) 262 2 27 291
BL43IR | Infrared Materials Science (2000. 4) 36 10 13 59
BL46XU | R&D (2000.11) 31 8 5 44
BL47XU | HXPESO MCT (1997.10) 107 38 39 184
BL11XU | Quantum Dynamics (1999. 3) 11 2 13
E BL14B1 | Materials Science (1998. 4) 25 1 7 33
5 | BL15XU . WEBRAM (2002. 9) 16 10 5 31
= 2] BL19LXU | RIKEN SR Physics (2002. 9) 5 5
2 E BL22XU | Quantum Structural Science (2004. 9) 6 2 8
3§ BL23SU | Actinide Science (1998. 6) 26 2 10 38
3 BL29XU | RIKEN Coherent X-ray Optics (2002. 9) 4 4
E BL44B2 | RIKEN Structural Biology[ (1998. 5) 11 2 13
BL45XU | RIKEN Structural Biology[] (1997.10) 45 5 6 56
00000000000 00000 0 Subtotal 2606 334 555 3495
BL11XU : Quantum Dynamics 33 2 3 38
BL12B2 | NSRRC BM (2001. 9) 57 57
BL12XU | NSRRC ID (2003. 2) 6 4 10
g BL14B1 Materials Science 35 6 17 58
E BL15XU : WEBRAM (2001. 4) 38 1 8 47
g BL16B2 Industrial Consortium BM (1999. 9) 22 9 27 58
M | BL16XU | Industrial Consortium ID (1999. 9) 17 5 27 49
E BL22XU | Quantum Structural Science 12 1 13
§ BL23SU Actinide Science 64 15 50 129
O | BL24XU : Hyogo Prefecture ID (1998.10) 98 13 33 144
BL32B2 | Pharmaceutical Industry (2002. 9) 13 2 15
BL33LEP ! Laser-Electron Photon (2000.10) 13 22 3 38
BL44XU Macromolecular Assemblies (2000. 2) 76 13 89
JU000o0o0oDo0o0D0O0O0bUDU Subtotal 484 77 184 745
«» | BL17SU | Coherent Soft X-ray Spectroscopy 10 1 11
.g BL19LXU | SR Physics 37 4 7 48
r_Eu BL26B1 | Structural Genomics 82 1 12 95
& | BL26B2 | Structural GenomicsD 19 1 9 29
z [ BL2oxu ! Coherent X-ray Optics 71 13 10 94
¥ | BL44B2 ! Structural Biology( 139 2 10 151
O I'BL45XU | Structural BiologyO 125 4 29 158
00000000000 00000 0 Subtotal 483 26 77 586

I 00000000000 000NET Sum Total | 3314 \ 713 \ 940 | 4967 |
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Journal of Applied Crystallography

gooo oooooo oooo oooo oooooo goooo oooo
Masanori 10920 40 (2007) 2004B0069 | BLO4B2 |0 OO Small Angle X-ray Scattering Measurements of
Inui s537-s539 Expanded Fluid Se in the Semiconductor-Metal
Transition Region Using Synchrotron Radiation

Mikihito 10939 40 (2007) 2005A0690 | BL45XU |00 OO Concentration Fluctuations Induced by Orientation

Takenaka $662-s665 2005B0336 | BL45XU |00 OO Fluctuations in Polybutadiene-4-cyano-4'-n-octyl-
2006A1123 | BL45XU |00 OO biphenyl Mixtures

Mitsuhiro 10945 40 (2007) 2004A0399 | BL40B2 |00 OO Permeability of Water through a Raft Model Membrane

Hirai s$159-s164 Clarified by Time-Resolved SANS and SAXS

Teruaki 10946 40 (2007) 2003A0558 | BL40B2 |00 OO Initial Process of Amyloid Formation of Apomyoglobin

Onai 5184-s189 2004A0399 | BL40B2 |00 OO and Effect of Glycosphingolipid G,;;

Masaharu 10947 40 (2007) 2004B0082 | BL40B2 |00 OO Collapse of the Hydration Shell of a Protein Prior to

Koizumi s175-s178 Thermal Unfolding

Naoto Yagi 10981 40 (2007) 2004A0090 | BL4OXU |00 OO CMOS Flatpanel Detectors for SAXS/WAXS

$439-s441 Experiments
Yo 10997 40 (2007) 2005B0088 | BL40B2 |00 O Small-Angle X-ray Scattering from Polystyrene
Nakamura s577-s580 Polymacromonomers with Relatively Short Main Chains
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Shin 9927 61 (2005) 2004B0819 | BL41XU |0 O Crystallization and Preliminary Crystallographic
Kawano 252-254 Analysis of the Cellulose Biosynthesis-Related Protein
2002B0386 | BL41XU |0 O )
CMCax from Acetobacter xylinum
Linda 10054 61 (2005) 2004A0691 | BL41XU (OO OO Crystallization and Preliminary X-ray Analysis of the
Rasubala 296-298 mRNA-Binding Domain of Elongation Factor SelB in
Complex with RNA
Mayumi 10056 61 (2005) 2003A0513 | BL41XU (OO OO Crystallization and Preliminary X-ray Analysis of
Igura 514-517 Mitochondrial Presequence Receptor Tom20 in
Complexes with a Presequence from Aldehyde
Dehydrogenase
Tomoko 10145 61 (2005) 2003B0125 | BL41XU (OO OO Purification, Crystallization and Preliminary X-ray Analysis
Ishigaki 524-527 of the Ligand-Binding Domain of Human Lectin-like
Oxidized Low-density Lipoprotein Receptor 1 (LOX-1)
Tatsuo 10203 62 (2006) 2005A0392 | BL41XU (OO OO Crystallization and Preliminary X-ray Crystallographic
Yanagisawa 1031-1033 2005A0733 | BL41XU |0O0O O Analysis of the Catalytic Domain of Pyrrolysyl-tRNA
2004B0416 | BL41XU |00 O Synthetase from the Methanogenic Archaeon
2004A0177 | BL41XU |00 OO Methanosarcina mazei
oo BL26B1
Toshio 11034 62 (2006) C04B7426 BL44XU |00 O Structure of Dimerized Radixin FERM Domain
Hakoshima 340-345 Suggests a Novel Masking Motif in C-terminal
Residues 295-304
The Journal of Biological Chemistry
Hiroshi Itoh 9925 280 (2005) 2002B0O756 | BL38B1 |00 O The CGL2612 Protein from Corynebacterium glutamicum
38711-38719 is a Drug Resistance-Related Transcriptional Repressor:
2002B0756 | BL41XU |00 O Structural and Functional Analysis of a Newly Identified
Transcription Factor from Genomic DNA Analysis
Satoshi 9963 279 (2004) 2004B0036 | BL44XU |00 O Extramembrane Central Pore of Multidrug Exporter
Murakami 3743-3748 AcrB in Escherichia coli Plays an Important Role in
Drug Transport
Mitsunori 10048 281 (2006) 2005A0877 | BL38B1 (OO OO Crystal Structure of the Human Monocyte-Activating
Shiroishi 19536-19544 Receptor, "Group 2" Leukocyte Ig-like Receptor A5
(LILRAS/LIR9/ILT11)
Mitsunori 10049 281 (2006) 2004B0942 | BL38B1 (00O OO Efficient Leukocyte Ig-like Receptor Signaling and
Shiroishi 10439-10447 Crystal Structure of Disulfide-linked HLA-G Dimer
Masaru 10971 281 (2006) 2005A0858 | BL4IXU |00 O Crystal Structures of Nonoxidative Zinc-dependent 2,6-
Goto 34365-34373 Dihydroxybenzoate (y -Resorcylate) Decarboxylase
from Rhizobium sp. Strain MTP10005
Ken Kitano 11039 282 (2007) 2006A1740 | BL38B1 (OO OO Crystal Structure of the HRDC Domein of Human
2717-2728 Werner Syndrome Protein, WRN
Physical Review B
Vadim 10062 74 (2006) 2004A0516 | BLO2B2 |Brazhkin Lattice Parameters and Thermal Expansion of
Brazhkin 140502(R) Vadim Superconducting Boron-Doped Diamond
John 10886 75 (2007) 2003B0745 | BL35XU |Baron Alfred | Relaxation in the Spin Ice Dy, Ti,O; Studied using
Sutter 140402(R) Nuclear forward Scattering
Babulal 10893 75 (2007) 2003A0055 BLO8BW | Sharma Magnetic Compton Scattering Study of Ni,,,Mn;_ Ga
Ahuja 134403 Balkrishna Ferromagnetic Shape-Memory Alloys
Alfred 10916 75 (2007) 2002A0559 | BL35XU |Baron Alfred | Two-Phonon Contributions to the Inelastic X-ray
Baron 020505(R) 2002B0594 | BL35XU |Baron Alfred | Scattering Spectra of MgB,
Takayoshi 10994 75 (2007) R04B0038 BL47XU |00 OO Core-level Electronic Structure Evolution of Heavily
Yokoya 205117 Boron-doped Superconducting Diamond Studied with
Hard X-ray Photoemission Spectroscopy
Naoki 11002 75 (2007) 2006A1461 | BL39XU (00O OO Experimental Evidence of Pressure-induced
Ishimatsu 180402(R) 2005A0176 | BL39XU | Chaboy Jesus | Suppression of the Cobalt Magnetic Moment in ErCo,
2004A0020 | BL39XU |Chaboy Jesus
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oog oooooao oooo oooo gooooo ooooo gogoo
Toshihiro 10182 75 (2006) 2003B0790 | BLO2B1 (OO OO Charge Ordering in Organic Conductors
Takahashi 051008
Masanori 10911 76 (2007) 2004A0519 | BL35XU (OO OO Heavy Particle Dynamics in Liquid Se: Inelastic X-ray
Inui 053601 Scattering
Masaichiro 10954 | 76 (2007) 2005B0127 | BLO1B1 (00O OOO The Mixed States in the Unconventinal Heavy Fermion
Mizumaki 053706 2006A1204 | BL39XU |00 OOO | Compound SmOs,Sb,,
Yasuhiro 10988 | 75 (2006) 2006A3702 | BL22XU (OO OO High Field X-ray Diffraction Study on a Magnetic-Field-
Matsuda 024710 Induced Valence Transition in YbInCu,
Yasuhiro 10989 | 76 (2007) 2006B3702 | BL22XU |00 OO High-Magnetic-Field X-ray Absorption Spectroscopy of
Matsuda 034702 Field-Induced Valence Transition in YbInCu,
Journal of Applied Physics
Akinori 10156 | 100 (2006) 2000B0265 | BLO4B2 |00 OO The Valence State of Yb lon in YbInAu, Compound at
Fuse 043712 2000B0266 | BL1OXU (OO OO High Pressure Determined by X-ray Diffraction and X-ray
2001A0332 | BL1OXU |(0O0O OO Absorption Near Edge Structure Measurements
Hiroyasu 10856 101 (2007) 2006A0136 | BL1OXU |00 OO Raman and X-ray Diffraction Studies of Ba Doped
Shimizu 063549 Germanium Clathrate BagGe,, at High Pressures
Masakiyo 10891 101 (2007) 2006B1556 | BL25SU (OO OO Uncompensated Antiferromagnetic Spins at the
Tsunoda 09E510 Interface in Mn-Ir Based Exchange Biased Bilayers
Masatoshi 10952 101 (2007) 2003B0664 | BLAOXU |00 OO Crystallization of Stretched Network Chains in Cross-
Tosaka 084909 2004A0388 | BL4OXU |00 OO Linked Natural Rubber
2005A0425 | BLAOXU (00O OO
Journal of Electron Spectroscopy and Related Phenomena
Toshio 10869 154 (2007) 2003B0154 | BL27SU (00O OO Doppler Effect in Resonant Excitation of CF;SF5
Ibuki 53-59 Probed by Auger Electron Spectroscopy
Hidetoshi 10900 156-158 (2007) | 2001A0223 | BL25SU |00 OO Soft X-ray Photoemission Study of the Heusler-type
Miyazaki 347-350 Fe,VAI,_,Ge, Alloys
Eiji 10930 | 156-158 (2007) | 2006A1516 | BL27SU |00 OO Photoelectron Recapture through Post-Collision
Shigemasa 289-293 2006B1500 | BL27SU |00 OO Interaction in N,
2006A1177 | BL27SU (00O OO
2006B1499 | BL27SU (00O OO
Yasumasa 10959 | 156-158 (2007) | 2006A1177 | BL27SU |00 OO Negative lon Formation Following Inner-Shell
Hikosaka 284-288 Photoexcitation in CO, Studied by Velocity Imaging
2006B1499 | BL27SU (00O OO
Spectroscopy
Journal of Molecular Biology
Mitsunori 10051 355 (2006) 2004B0790 | BL41XU (00O OO Entropically Driven MHC Class | Recognition by
Shiroishi 237-248 Human Inhibitory Receptor Leukocyte 1g-like Receptor
B1 (LILRB1/ILT2/CD85j)
Shigeki 10875 | 368 (2007) 2005B5689 | BL32B2 |00 OO Structural Comparison of Fucosylated and Nonfucosylated
Matsumiya 767-779 Fc Fragments of Human Immunoglobulin G1
Hiroyuki 10941 369 (2007) 2000B0126 | BL45XU (00O OO Diversity of Structural Behavior in Vertebrate
Iwamoto 249-264 2001A0119 | BL45XU (OO OO Conventional Myosins Complexed with Actin
2001B0183 | BL45XU |00 OO
2003A0183 | BL45XU (00O OO
2003B0187 | BL45XU (00O OO
Seiji 11027 368 (2007) 2005B1793 | BL41XU |0O0O O Crystal Structure and Functional Characterization of a
Okazaki 79-91 2005B0372 | BL38B1 |00 O D-Stereospecific Amino Acid Amidase from
2005A0841 | BL38B1 |00 O Ochrobactrum anthropi SV3, a New Member of the
2000A0488 | BL40B2 |00 O Penicillin-recognizing Proteins
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Maki 10909 46 (2007) 2006A1651 | BL23SU |00 OO Real-Time Observation of Initial Thermal Oxidation on
Suemitsu 1888-1890 Si(110)-16x 2 Surfaces by O 1s Photoemission
Spectroscopy Using Synchrotron Radiation
Daisuke 10984 46 (2007) 2006A1664 | BL13XU (OO OO Structural Characterization of Ar*-Irradiated SrTiO4
Kan L471-L473 2005B0378 | BL13XU |00 OO Showing Room-Temperature Blue Luminescence
Shuichi 10970 46 (2007) 2006A1744 | BL23SU (00O OO Si(001) Surface Layer-by-Layer Oxidation Studied by
Ogawa 3244-3254 Real-Time Photoelectron Spectroscopy using
Synchrotron Radiation
The Journal of Chemical Physics
M. Ehara 10221 124 (2006) 2005A2557 | BL27SU |00 O Symmetry-Dependent Vibrational Excitation in N 1s
124311 Photoionization of N,: Experiment and Theory
M. Ehara 10222 125 (2006) 2005A2557 | BL27SU |00 O C1s and O1s Photoelectron Satellite Spectra of CO
114304 with the Symmetry-Dependent Vibrational Excitations
Kim 10914 126 (2007) 2006A1231 BLO8W | Hamalainen | Isotope Quantum Effects in the Electron Momentum
Nygard 154508 Keijo Density of Water
Journal of Magnetism and Magnetic Materials
Kenji 10802 310 (2007) 2006A0120 | BL1OXU |00 OO Lattice Distortion of NiZnCu Ferrite Co-fired with Silver
Kawano 2552-2554 2005B0777 | BL1OXU (OO OO
Kenji 10842 310 (2007) 2005B0096 | BLO02B2 (OO OO Synchrotron X-ray Diffraction for Pyrolytic Magnetic
Kamishima e346-e348 Carbon
Xiaoxi Liu 10884 310 (2007) 2006A0097 BLOBW |00 O Perpendicular Magnetic Anisotropy in Sputtered
1744-1746 Amorphous ThFeCo Films
Physical Review Letters
Kiyoshi 10224 94 (2005) 2004B0557 | BL27SU |00 O Symmetry-Resolved Vibrational Spectra of Carbon
Ueda 243004 K-Shell Photoelectron Satellites in Carbon Monoxides:
Experiment and Theory
Edwin 10226 95 (2005) 2004B0557 | BL27SU |00 O Violation of the Franck-Condon Principle Due to Recoil
Kukk 133001 Effects in High Energy Molecular Core-Level
Photoionization
Masanori 10958 98 (2007) 2003A6607 | BL35XU (OO OO0O Medium-Range Fluctuations Accompanying the Metal-
Inui 185504 Nonmetal Transition in Expanded Fluid Hg
Acta Crystallographica Section D
Yuki 9932 62 (2006) 2003B0899 | BL41XU |0O0O O Crystal Structure of A-type ATP Synthase Catalytic
Maegawa 483-488 Nucleotide-binding Subunit A from Pyrococcus horikoshii
Reveals a Novel Domain Related in the Peripheral Stalk
Keiichi 10796 63 (2007) 2001A0240 | BL41XU (OO OO Structures of Cyanide, Nitric Oxide and Hydroxylamine
Fukuyama 472-477 Complexes of Arthromyces ramosus Peroxidase at 100 K
Refined to 1.3 A Resolution: Coordination Geometries of
the Ligands to the Haem Iron
Applied Physics Letters
Masaaki 10901 90 (2007) 2006A1624 | BL27SU |00 OO Subnitride and Valence Band Offset at Si3N,,/Si
Higuchi 123114 Interface Formed Using Nitrogen-Hydrogen Radicals
Kenichi 10998 90 (2007) 2003B0047 | BLO2B2 (OO OO On-off Optical Switching of the Magnetic and Structural
Kato 201902 2004A0032 | BLO2B2 (OO OO Properties in a Spin-crossover Complex
2004B0089 | BLO2B2 |00 OO
Biochimica et Biophysica Acta - Protein and Proteomics
Mitsunori 10052 1764 (2006) 2004B0942 | BL38B1 (OO OO Preparation and Crystallization of the Disulfide-Linked
Shiroishi 985-988 HLA-G Dimer
Kaori 10057 1764 (2006) 2003B0885 | BL38B1 |00 OO Crystallization and Preliminary Crystallographic Analysis
Sasaki 157-160 of the N-terminal Domain of PriA from Escherichia coli
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Chemical Physics Letters

ood oooobo oooo oooo oooooo goooo oooog
Makoto 10220 417 (2006) 2005A2557 | BL27SU |00 O Vibrationally Resolved C and O 1s Photoelectron
Matsumoto 89-93 Spectra of Carbon Monoxides
Kiyoshi 10225 411 (2005) 2004B0557 | BL27SU |00 O Non-Franck-Condon Behavior in the C 1s
Ueda 33-36 Photoelectron Spectrum of the Methane Molecule
Journal of Crystal Growth
Toshiyuki 10873 301-302 (2007) | 2004B0225 | BL11XU |00 OO Modification of InAs Quantum Dot Structure during
Kaizu 248-251 Annealing
Daisuke 10953 304 (2007) 2002B0335 | BL20B2 |00 OO Topographic Study of Dislocation Structure in
Nakamura 57-63 CO03A4014 BL16B2 |00 OO Hexagonal SiC Single Crystals with Low Dislocation
2003A0289 | BL20B2 |00 OO Density
2004A0091 | BL20B2 |00 OO

Journal of Physics

B: Atomic, Molecular an

d Optical Physics

Masahiro 9570 39 (2006) 2004B0369 | BL27SU |00 OO0 High-Resolution Absolute Photoabsorption Cross

Kato 2059-2069 Sections for Ne in the 1s2s and 1s2p Resonant Double
Excitation

S. K. 10223 39 (2006) 2005A2557 | BL27SU |00 O Interference Modulation in the Vibrationally Resolved

Semenov L261-L267 Photoionization of the 10 ; and 1o , Core Levels of the
N, Molecule

Physical Review A

Xiao-Jing 10210 72 (2005) 2005A0181 | BL27SU | Liu Xiao Jing | Site-selective lon Production of the Core-excited CH5F

Liu 042704 Molecule Probed by Auger-Electron-lon Coincidence

Yasumasa 10932 75 (2007) 2006A1516 | BL27SU |00 OO Autoionization Dynamics of Core-Valence Doubly

Hikosaka 042708 2006B1500 | BL27SU |00 OO Excited States in N,

Physics and Chemistry of Minerals

Shigeaki 10956 | 24 (2007) 2006A1412 | BL1OXU |00 OO New High-Pressure Phases in BaCO,

Ono 215-221

Daisuke 10964 34 (2007) 2005B0449 | BLO4B1 |00 OO Phase Boundary between limenite and Perovskite

Yamazaki 269-273 Structures in MnGeO; Determined by in situ X-ray

2006A1477 | BLO4B1 |00 OO ) )

Diffraction Measurements

Structure

Izuru Ohki 10144 13 (2005) 2003B0125 | BL41XU |00 OO Crystal Structure of Human Lectin-like, Oxidized Low-

905-917 density Lipoprotein Receptor 1 Ligand Binding Domain

and Its Ligand Recognition Mode to OxLDL

Shinichi 11033 14 (2006) 2001B0408 | BL40B2 |00 OO Structural Basis for NHERF Recognition by ERM

Terawaki 777-789 2002A0694 | BL41XU |00 OO Proteins

Angewandte Chemie International Edition

Hikaru 10922 46 (2007) 2855-| 2006B0218 | BL19B2 |00 O Ultrasound-Induced Gelation of Organic Fluids with

Takaya 2857 Metalated Peptides

Applied Surface Science

Takeshi 10857 252 (2006) CO03A2006 BL15XU |00 O Experimental and Theoretical Studies on X-ray Induced

lyasu 4335-4339 Secondary Electron Yields in Ti and TiO,

Biopolymers

Keniji 11041 86 (2007) 2002B0052 | BL40B2 |00 OO Unique Side Chain Conformation of a Leu Residue in a

Okuyama 212-221 Triple-Helical Structure

Chemical Communications

Koji 9697 (2006) 2005A0258 | BL38B1 |00 OO Self-assembled Octameric Cage Constructed by the

Tsukamoto 3606-3608 Potassium Salt of p-tert-butylcalix[6]arene

p-bromophenylalanine Derivative in the Solid State
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Chemical Physics
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Kiyoshi 10179 329 (2006) 2006A1218 | BL27SU |00 O Role of the Recoil Effect in Two-Center Interference in

Ueda 329-337 X-ray Photoionization

Chemistry & Biology

Hiroyuki 10944 14 (2007) CO5A5019 BL24XU |00 OO Structural Insight into Chain-Length Control and

Morita 359-369 Product Specificity of Pentaketide Chromone
Synthase from Aloe arborescens

Ferroelectrics

Yasuhiro 10915 339 (2006) 2003A0090 | BLO4B2 |00 OO PDF Analysis on Semiconductive CdTe-ZnTe Alloy

Yoneda 1851-1860

Genes to Cells

Arry 11035 11 (2006) 2005A0035 | BL41XU |00 O Crystal Structure of Human Rad GTPase of the

Yanuar 961-968 RGK-family

Human Molecular Genetics

Kimiko 10053 14 (2005) 2004A0691 | BL41XU |O0O OO Extensive Polymorphisms of LILRB1 (LT2, LIR1 and

Kuroki 2469-2480 Their Association with HLA-DRB1 Shared Epitope
Negative Rheumatoid Arthritis

Journal of Alloys and Compounds

Akinori 10159 376 (2004) 2001B0312 | BL38B1 |00 OO The Valence State of Yb Metal under High Pressure

Fuse 34-37 Determined by XANES Measurement up to 34.6 GPa

The Journal of Biochemistry

Hiroto 11036 140 (2006) C04B7426 BL44XU |00 O Structural Basis for Induced-fit Binding of Rho-Kinase

Yamaguchi 305-311 to the Inhibitor Y-27632

Journal of Non-Crystalline Solids

Keiji Itoh 10966 | 353 (2007) 2005B0066 | BLO4B2 |00 OO Structure of Amorphous LaNisD5 5 Studied by Neutron

1975-1978 and X-ray Diffraction

The Journal of Physical Chemistry B

Shuichi 10942 111 (2007) 2006A1036 | BL13XU |00 OO Crystal Structure of Friction-Transferred Poly(2,5-

Nagamatsu 4349-4354 dioctyloxy-1,4-phenylenevinylene)

Journal of Power Sources

Masaaki 10986 168 (2007) 2003B0135 | BL14B1 |00 OO Characterization of Electrode/Electrolyte Interface for

Hirayama 493-500 Lithium Batteries using in situ Synchrotron X-ray
Reflectometry - A New Experimental Technique for
LiCoO, Model Electrode

Journal of Synchrotron Radiation

Shingo 9936 13 (2006) C03B5043 BL24XU |00 OO Crystallinity Estimation of Thin Silicon-on-Insulator

Takeda 373-377 Layers by Means of Diffractometry using a Highly
Parallel X-ray Microbeam

Nano Letters

Sungwng 10982 7 (2007) 2005A0155 | BL02B2 |00 OO Metallic State in a Lime-Alumina Compound with

Kim 1138-1143 Nanoporous Structure

Nature

Ling Li 10119 443 (2006) 2006A1305 | BL41XU |Ye Keqgiong |Crystal Structure of an H/ACA Box Ribonucleoprotein

302-307 Particle
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Nature Structural and Molecular Biology
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Satoko 10055 12 (2005) 2004A0691 | BL41XU |00 OO Structural Basis for mMRNA Recognition by Elongation
Yoshizawa 198-203 Factor SelB
Nucleic Acids Research
Shunsuke 10917 34 (2006) 2003A0486 | BL41XU |00 OO Structural Basis for Sequence-Dependent Recognition
Yajima 6074-6082 of Colicin E5 tRNase by Mimicking the mRNA-tRNA

Interaction

Proceedings of the National Academy of Sciences of the United States of America

Tsunehiro 10853 104 (2007) 2006A6832 | BL44XU |00 OO Structural Basis for the Selection of Glycosylated

Mizushima 5777-5781 Substrates by SCFFPs! Ubiquitin Ligase

Radiation Physics and Chemistry

Georg 10178 75 (2006) 2004A0168 | BL27SU | Pruemper Comparison of the Nuclear Motion in the Ultrafast

Primper 2019-2023 Georg Fragmentation of SFg, CF, and CH;F

Review of Scientific Instruments

Taizo 10838 78 (2007) 2002A0302 | BLO9XU |00 OO Apparatus for Time-resolved and Energy-resolved

Kawauchi 013303 2002B0697 | BLO9XU |00 OO Measurement of Internal Conversion Electron
2003B0669 | BLO9XU |00 OO Emission Induced by Nuclear Resonant Excitation with
2004A0477 | BLO9XU |00 OO Synchrotron Radiation

Science and Technology of Advanced Materials

Takayoshi 10995 7 (2006) J04B0523 BL25SU |00 OO Soft X-ray Angle-Resolved Photoemission Spectroscopy

Yokoya S12-S16 JO5A0521 BL25SU |00 OO of Heavily Boron-Doped Superconducting Diamond Films

Solid State Electronic

Atsushi 10861 51 (2007) 2006A0250 | BL13XU |00 OO Measurement of In-plane and Depth Strain Profiles in

Ogura 219-225 2005A0080 | BL13XU |00 OO Strained-Si Substrates

Transactions of the

Materials Research Society of Japan

Masamitu 10906 32 (2007) 2006A3503 | BL11XU |00 OO In-situ X-ray Diffraction Study of InAs/GaAs(001)
Takahashi 2209-2214 Quantum Dot Growth
0000000000000000 (Bulletin of the Okayama Orient Museum)
Kyoko 10898 | 20 (2005) 2001B0609 BLOSW |00 OO Architectural Faience Tiles of Ancient Egypt, from the
Yamahana 15-39 Predynastic Period to the Reign of King Djoser
(c.3000-2468 B.C)
0 0O (Journal of the Society of Materials Science, Japan)
Keniji 10854 56 (2007) 2006A1752 | BLO2B1 |00 OO Measurement of Residual Stress Distribution in Laser-
Suzuki 217-222 2005B0042 | BLO2B1 |00 OO Shock Peened Ti-Alloy Using Hard Synchrotron X-Rays
0 0O (Civlizations)
Kyoko 10897 9 (2006) 2005B0115 BLOBW |00 OO The Historical Interpretation of Synchrotron Radiation
Yamahana 53-67 X-ray Fluorescence Analysis on Faience Objects of
the New Kingdom, Egypt
Doctor Thesis
Hirofumi 10983 |0O0OO C03A2004 BL15XU |VlaicuAurel (00000 O000000O0OLMB,000000
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10 Introduction

Iron containing metalloproteins play key roles in many
important biochemical processes. Our research focuses on
two critical iron-sulfur enzymes-nitrogenase and
hydrogenase. Nitrogenase (N,ase) catalyzes the reduction
of dinitrogen to ammonia and this biological ammonia
synthesis is responsible for about half of the protein
available for human consumptiort 15, Hydrogenase
(H,ase) catalyzes the evolution (or consumption) of
dihydrogen. H,, catalysis is crucial for the metabolism of
many anaerobic organisms, and knowledge about the
mechanism of H, evolution may prove critical for a
future hydrogen economy™ 22 . Although scientists have
studied N,ase and H,ase for along time, with significant
progress especially after crystal structures of these
metalloenzymes came out in 1990s (Figure 1), there are
still lots of fundamental questions left such as where
substrates bind and interact with these proteins and how
structures of active sites change during the course of
catalytic cycle.

Nuclear resonance vibrational spectroscopy (NRVS) is
a relatively new technique that became available as a
spectroscopic method because of third generation
synchrotron source and development of x-ray optics with
sub-meV resolution™ 82 | It involves scanning an
extremely monochromatic x-ray beam through a nuclear
resonance. Apart from the familiat zero phonon’
M 6ssbauer resonance, there are additional transitions that
correspond to nuclear excitation in combination with
excitation (Stokes) or de-excitation (anti-Stokes) of
vibrational modes. The measurement technique exploits

[4Fe-4S] ,5'

FRA

P-cluster
M~

o N Fe

FeMo-cofactor

;@»—

Ni-Fe Active Site

§\[3 Fe-4S]m
Fe-4S]

the relatively long lifetime of the nuclear excitation,
along with the pulsed nature of the synchrotron source,
by electronically gating on Fe Ka emission that occurs
following internal conversion in between synchrotron
pulses. Compared to other well-established vibrational
spectroscopic techniques such as infrared spectroscopy
and Raman scattering, the biggest advantage of NRVSis
its site selectivity. NRVS is only sensitive to vibrations
of Méssbauer nuclei (in our case, °’Fe). It means now we
can observe vibrations of Fe atoms at the active site of
N,ase and H.,ase while ignoring interference from other
part of proteins.

The goal of our program is to use NRVS to answer
structural and dynamical issues of these proteins that are
beyond the reach of other methods. We expect to have
better understanding of (&) the structure and dynamics of
N,ase and H,ase, (b) how these enzymes are
biosynthesized and ultimately (c) their molecular
mechanism of catalysis. Thisinformation may eventually
prove useful for development of synthetic small
moleculé mimics' that can catalyze the same reactions.

200 Experimental

5’Fe NRV'S spectra were recorded using published
procedures at Beamline 09-XU at SPring-8, Japan- 7Y .
During the 3-year period of this long-term proposal,
improvements were achieved on both high heat-load pre-
monochromator and high resolution monochromator.
Experimental resolution was improved from 3.5meV to
1.1meV that is proving sufficient to resolve most of the
NRVS details. The flux was ~3x 10° in a 1.1meV
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Figure1d Bioinorganic chemist's view of N,ase and H,ase. Left to right : clusters in (a) Mo N,ase” 3", (b) [NiFe]
H,ase, including distal’ {, medial’ , and proximal’ Fe-S clusters” 4", (c) C. pasteurianum [FeFe] H,ase 55 .
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Figure20 Left© Pymol' representation of oxidized Pf Rd, including sticks for cysteine residues, illustrating exposed
location of Fe site (red). Right* Crystalmaker’ close-up of Fe site showing slight compression of Fe-SCys8 and
Fe-SCys41 bonds and distinction betweenl] 90° FeSCC dihedral angles for' exposed’ cysteines and[] 180°
FeSCC dihedral angles fort' buried’ cysteines (PDB code 1BRF).

bandwidth, using aliquid nitrogen-cooled Si(1,1,1) double
crystal monochromator followed by asymmetrically cut
Ge(4,2,2) and two Si(9,7,5) crystals. During NRVS
measurements, samples were maintained at low
temperatures using liquid He cryostats. Temperatures were
calculated using the ratio of anti-Stokes to Stokes intensity
according to: S-E) = SE)exp(-E/KT). Nuclear fluorescence
and Fe K fluorescence (from internal conversion) were
recorded with an APD array at SPring-8- 8- .

30 Results
3.1 Rubredoxin

Rubredoxins are small ([0 50 amino acid) electron-
transfer proteins that contain a single Fe(S-cys), redox
center™ 99 | Apart from their role in specific biological
catalytic reactions, rubredoxins serve as model systems
for understanding the factors that determine reduction
potentials in metalloprotein. High-resolution x-ray
crystal structures of different rubredoxins all reveal a
roughly tetrahedral FeS, site, often described as
approaching D,y symmetry via a compression along an
S, axis (Figure 2). In Pf Rd, this distortion results in 2
compressed ([0 103+ 1°) (Cys5S-Fe-SCys41 and
Cys8S-Fe-SCys41) and 4 expanded ([0 111-114° ) S-Fe-
S angles; there are also 2 shorter Fe-S bond lengths
(2.25-2.26A) (Fe-SCys8 and Fe-SCys41) and 2 slightly
longer Fe-S bonds (2.28-2.30A) (Fe-SCys5 and Fe-

SCys38)- 100,
The dynamical properties of the oxidized and reduced
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Fe sites play an important role in the redox properties of
rubredoxins. Previous Resonance Raman work had
shown an asymmetric Fe-S stretch region divided into 3
bands near 350-370cm™1” 115 and in our Raman spectra
we observed these and additional bands out to 440cm™.
The NRVS was very broad in this region, suggesting that
stretching modes are strongly coupled with protein side
chain motion. A model with 5-atom chains extending
from the Fe site was required to quantitatively reproduce
the Fe-S stretch region-quite similar to Goddard's

chromophore in protein’ model. In the reduced
rubredoxin, strong asymmetric Fe-S modes were shifted
to 300-320cmL. This is the first observation of Fe-S
stretching modes in a reduced Rd™ 125,

Very recently, we have preformed our first single
crystal NRV'S measurements on a rubredoxin crystal.
Large (Imm?) crystals were grown in collaboration with
Prof. Robert Bau (University of Southern California).
The data are excellent and clearly show an orientation
dependence in the Fe-S stretches (Figure 3). We are
proposing that the higher frequency stretching modes are
associated with the shorter Fe-S bond lengths.

3.2 Nitrogenase

Biological nitrogen fixation, involving reduction of
dinitrogen to ammonia, is the key reaction in the nitrogen
cycle” 10, In Azotobacter vinelandii (Av) the Mo-
dependent nitrogenase (N,ase) consists of two
metallproteins: Fe protein (Av2) and MoFe protein (Avl)
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Figure30O Orientation dependent NRVS spectra of
rubredoxin single crystal.

Figure4[ Cartoon representation of the nitrogenase
complex. Top and bottom are Fe proteins (yellow
and orange) ; middle is MoFe protein (blue and
green). (PDB 1G21)

(Figure 4). The O 63kDa Fe protein is a dimer of two
identical subunits bridged by a single [4Fe-4S] cluster. In
addition to binding the [4Fe-4S] cluster, the second
principal functional feature of the Fe-protein is to bind
nucleotides, MgATP and MgADP. During catalysis, the
Fe protein provides electrons to MoFe protein in a
MgATP-dependent reaction and is the only know
reductant that will support substrate reduction by the
MoFe protein. The 0 230kDa MoFe protein is composed

of two identical dimers (o ,3 ,) that each consist of two
different metal clusters, the iron-molybdenum cofactor
(FeMo-co) and the P cluster. The FeMo-cofactor, which
locates in a cleft of the a-subunit, is the active center
where substrates bind and react with the enzyme and can
be extracted into organic solvent. The P-cluster is buried
at the interface between a -subunit and 3 -subunit and is
believed to be the first electron acceptor from Fe-protein
and transport electrons to the FeMo-cofactor™ 130,

A recent structure for Avl at 1.16A resolution™ 3J
revealed electron density at the center of the trigonal
prismatic cage of Fe atoms in the FeMo-cofactor, and
hence an overall MoFe,SyX core cluster composition. The
electron density is consistent with alight (C, N, or O) atom.
Characterization of the interstitial atom is essentia for
understanding both the biosynthesis of the FeMo-cofactor
and the mechanism of nitrogenase. We have used NRVS
to study the dynamics of the Fe-S clusters in nitrogenase.
The catalytic site FeMo-cofactor exhibits a strong signal
near 190cm, where conventional Fe-S clusters have
weak NRVS (Figure 5). This intensity is ascribed to
cluster breathing modes whose frequency is raised by an
interstitial atom. A variety of Fe-S stretching modes are
also observed between 250 and 400cmL. This work is
the first spectroscopic information about the vibrational
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Figure50] Experimental 5’Fe PVDOS functions,Dg, (V') ,
for (top to bottom) (a) Avl (——) vs.A nifE Avl (——)
; (b) AvI-A nife:Av1 difference spectrum (——) vs.
isolated FeMoco (...... ).
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Cys 533

Cys530

Figure60 Active site structure of NiFe H,ase from D.gigas (left); Active site structure of FeFe H,ase from D.
deculfuricans (middle); and Model of the active site structure of Hmd H,ase from M. marburgensis (right).

modes of the intact nitrogenase FeMo-cofactor and P-
cluster and support the presence of an interstitial atom in
both isolated FeMoco and in the Avl-bound FeMo-
cofactor™ 140,

3.3 Hydrogenase

Hydrogen (H,) metabolism occurs in a large variety of
micro-organisms, such as methanogenic, sulfate-reducing,
fermentative, nitrogen-fixing, photosynthetic bacteria,
where H,, activation is catalyzed by hydrogenases (H.,ases)
following the reaction : H, <=> 2H*+2¢". H,ases are among
the most efficient H,, catalysts known, with turn over rate
ranging up to 6000 molecules of H, per second” 1° .
There are three classes of H,ases[] [NiFe] H,ases” 4~
(including a [NiFeSe] subset), [FeFe] H,ases™' ", and
Fe-S cluster-free H,ases (Hmd)™ 167 . [NiFe] Hases,
which contain Ni-Fe dinuclear catalytic center, are mostly
involved in H, oxidation, while [FeFe] H,ases, which
contain Fe-Fe dinuclear catalytic center, are mostly
involved in H, production. Hmd H,ases, which were
thought to bé meta free' , are now found to have a Fe
mononuclear catalytic center. The enzymes catalyze the
reversible reduction of methenyltetrahydromethanopterin
(methenyl-H,MPT) to methylene-H,MPT using H,. The
comparison of the active site structures (Figure 6) of the
three types of H,ases has revealed common features,
which is the Fe sites are all terminally bound with
nonprotein hexogenous diatomic ligands CO and/or CN".
This is an indication of convergent evolution, and the
structure similarities are most probably essential for an
efficient activation of H,. During this long-term proposal
period, we have studied the active sites of these three
types of H,ases in different enzyme states using NRVS
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aong with some inorganic model complexes.

3.3.1 Hmd H,ase

The Hmd H,ase we studied is from the methanogenic
archaeon Methanothermobacter marburgenss (DSMZ2133).
The structure of the active site is not yet known, the
recent IR 175, Mossbauer 182, and EXAFS 19Uspectra
revealed that the active site contains one low spin Fe
(Fe(0) or Fe([O)), one S from cysteine, two CO ligands
and one N from pyridone cofactor, also a possible vacant
sSite.

We have examined the as-isolated Hmd H,ase at pH8,
the H,0 exchanged Hmd H,ase at pH8, and the Hmd
H,ase under the presence of H, and methenyl-H4AMPT+
at pH6. The pH8 state is thought to be enzyme resting
state; the pH6 state is thought to be active state. The
NRV'S spectra are shown in Figure 7, they have been
interpreted by comparison with a cis-(CO),-ligated Fe
model complex (Figure 7) as well as by normal mode
simulations of a plausible 5-coordinated active site
structure. The simulation on the as-isolated pH8 Hmd
supports a cis-(CO), geometry for the active site of Hmd
protein, also it gives further insight into the dynamics of
the Fe site, revealing Fe-CO stretch and Fe-CO bend
modes at 494, 562, 590, and 648cmL. The NRVS also
reveals a band assigned to Fe-S stretching motion at
0 311cmL, which is observed in all Hmd samples we
examined. A pesk at0] 379cm? is tentatively assigned to
abound water or hydroxide ligand., which is clearly seen
in the pH8 and pH6 spectra, but it is significantly weaker
in the H,180 spectrum. We also find from the
simulations that the cysteine and the pyridone ring
motions definitely have noticeable contributions to the
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Figure70 Top : NRVS PVDOS for (a) as-isolated Hmd in
50mM Tricine/NaOH buffer at pH8,(b) as-isolated
Hmd 50mM Tricine/NaOH buffer exchanged in180
water at pH8, (c) Hmd in 50mM Mes-NaOH buffer
under the presence of H, and methenyl-H4MPT"at
pH6.0; Bottom: NRVS PVDOS of mononuclear cis-
(CO), complex (Inset is the structure of this complex).

NRV'S spectrum, and can influence the overall shape of
the spectrum, especially for the low frequency region.

Application of the NRVS technique to the Hmd
protein has allowed us for the first time to observe the
dynamics of the Fe-CO bending and stretching motion.
However, since we do not have exact structure for the
active site at this moment, we will wait for the crysta
structure of Hmd holo-enzyme to obtain detail
simulations on the Hmd NRVS.

3.3.2 [NiFe] and [FeFe] H,ases

For [NiFe] and [FeFe] H,ases study, we still focused
on revealing structure and vibrational dynamics on the
Fe center of the active centers. We started from two
dinuclear Fe model complexes of the [FeFe] H,ase
active site, [NEt,][Fe(S,C4Hg)(Y°CN),(CO),] and
[NEt,][Fe(S,C3Hg) (F3CN),(CO),]- 20 (Figure 8). The
features between 500cm and 670cmt in both NRVS
spectra were contributed mainly from Fe-CO stretching
and bending motions. The clearly shift of the features

between 400cm ! and 500cm! was due to 2C/13C
isotope shift on CN- ligands, also we observed Fe-S
motions around 300cm™® and Fe-Fe stretching motion at
0 200cm 1. These findings are consistent with the
published resonant Raman spectra of the same model
complexes 210,

For the real enzyme samples, we have measured the
first spectra of the as-isolated [NiFe] H,ase from
Desulfovibrio vulgaris Miyazaki F and the as-isolated
[FeFe] H,ase from Clostridium acetobutylicum using
NRVS (Figure 8). Both [NiFe] and [FeFe] H,ases have
more than 10 Fe atoms in each protein molecule. Only
one Fe atom for [NiFe] H,ase and two Fe atoms for
[FeFe] H,ase at the active centers, other Fe atoms within
each molecule are belong to FeS clusters, which involve
in electron transfer pathway during the enzyme catalysis.
From Figure 8, we can see that the features with large
intensities between 100cmt and 420cm 1 were mainly
contributed from those FeS clusters, which can be
compared with our NRV'S spectrum of 4Fe ferridoxin.
4Fe ferridoxin contains one 4Fe4S cluster in each
molecule. The tremendous Fe sites prevent us from detall
study on the active site Fe center of both [NiFe] and
[FeFe] Hoases.

However, the current results do provide us with useful
information. Comparing with the model complex studies
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Figure80 NRVS PVDOS of (a)[NEt,][Fe(S,C4Hg)(*2CN),(CO),],(b)
[NEt,][Fe(S,C3Hg)(13CN),(CO),],(c)as-isolated NiFe H,ase
from Desulfovibrio vulgaris Miyazaki F,(d)as-isolated FeFe
H,ase from Clostridium acetobutylicum ; Inset is the structure
of Fe(S,C4Hg)(CN),(CO) .
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and Hmd Hase studies, the features between 500cm*
and 620cmt in [NiFe] H,ase spectrum and the features
between 480cmt and 600cm™ in [FeFe] H,ase spectrum
were possible Fe-CO stretching and bending motions
contributed from Fe center of the active sites, while the
features between 420cm™ and 500cm™ in [NiFe] H,ase
spectrum and the features between 420cm™® and 480cm!
in [FeFe] H,ase spectrum were possible Fe-CN
stretching and bending motions.

Since we have aready obtained promising results on
rubredoxin crystals using NRVS mentioned in Section
3.1, we are now trying to get H,ase crystals to perform
crystal NRVS. In this way, we can selectively excite the
vibrational modes from Fe centers at the H,ase active
sites, then more clear spectra on the Fe centers can be
obtained, and detailed studies can be conducted.
Combined with isotopic labeling of ligands at the active
sites, characterization on the structure and dynamics of
the H,ase active sites using NRV S is well possible.

40 Summary

The results presented above illustrate that NRV'S has a
role to play in the ever increasingly complex attack on
unraveling the secrets of metalloenzymes, and no doubt
with continued future development will become more
routine and readily available. In the future, we will
pursue our single crystal work on nitrogenase and NiFe
hydrogenase as well as FeMoco biosynthesis work. As
and when it becomes available on BLO9XU, we intend to
use INi NRVS of appropriate Ni models and eventually
NiFe H,ase and other Ni proteins. A site-selective probe
of Ni center vibration modes will be very useful and
should allow major advances in understanding Ni
biochemistry.
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