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X-E Biomolecular Science

Elucidation of a structure-function relationship of metalloproteins and structural chemistry of amyloid fibril are
current subjects of this group. The primary technique used for the first project is the stationary and time-resolved
resonance Raman spectroscopy excited by visible and UV lasers. Various model compounds of active site of
enzymes are also examined with the same technique. IR-microscope dichroism analysis is the main techniques for
the second project. The practical themes that we want to explore for the first project are (1) mechanism of oxygen
activation by enzymes, (2) mechanism of active proton translocation and its coupling with electron transfer, (3)
structural mechanism of signal sensing and transmission by heme-based sensory proteins, (4) higher order protein
structures and their dynamics, and (5) reactions of biological NO.

In category (1), we have examined a variety of terminal oxidases in the respiratory chain, cytochrome P450s
(including AOS), and peroxidases, and also treated their reaction intermediates by using the mixed-flow transient
Raman apparatus and the Raman/absorption simultaneous measurement device. For (2) the third-generation UV
resonance Raman (UVRR) spectrometer was constructed in this laboratory and applied to a giant protein like
cytochrome ¢ oxidase with M, = 210,000, particularly to explore the oxidation state of Tyr244 in the Py
intermediate. Furthermore, a model complex of the Cug—His(240)-Tyr(244) and its Tyr-radical state were
investigated in detail by UVRR spectroscopy. Recently, we succeeded in pursuing protein folding of apomyoglobin
by combining the UV time-resolved Raman and rapid mixing techniques. With IR spectroscopy we determined the
spectrum of carboxylic side chains of bovine cytochrome oxidase which undergo protonation/deprotonation changes
and hydrogen-bonding status changes in response with electron transfers between metal centers or with ligand
dissociation from heme as. In (3) we are interested in a mechanism of ligand recognition specific to CO, NO or O»
and a communication pathway of the ligand binding information to the functional part of the protein. Several gas
sensor heme proteins including DOS, HemAT, CooA, and NAPS2 were extensively treated in this year. For (4) we
developed a novel technique for UV resonance Raman measurements based on the combination of the first/second
order dispersions of gratings and applied it successfully to 235-nm excited RR spectra of several proteins including
mutant hemoglobins and myoglobins.

Nowadays we can carry out time-resolved UVRR experiments with sub-nanosecond time resolution to discuss
protein dynamics. With the system, we have succeeded in isolating the spectrum of tyrosinate in ferric Hb M Iwate,
which was protonated in the ferrous state, and the deprotonated state of Tyr244 of bovine cytochrome ¢ oxidase. The
study is extended to a model of Tyr244, that is, imidazole-bound para-cresol coordinated to a metal ion, was
synthesized and its UV resonance Raman was investigated. For (5) we purified soluble guanylate cyclase from
bovine lung and observed its RR spectra in the presence of allosteric effector, YC-1. The CO and NO adducts in the
presence of YC-1 were examined. To further investigate it, we are developing an expression system of this protein.
For the amyloid study, we examined FTIR spectra of 3,-microglobulin and its fragment peptides of #11-21, K3, and
K3-K7 which form a core part of amyloid fibril of B,-microglobulin. The effect of seed upon the fibril structure and
the chemical interactions of peptides in the growth process of amyloid fibril were focused in this year.

X-E-1 Kinetics and DFT Studies on the
Reaction of Copper(ll) Complexes and H20»

OSAKO, Takaol; NAGATOMO, Shigenori?;
KITAGAWA, Teizo; CHRISTOPHER, J. Cramer3;
ITOH, Shinobu?

(tOsaka City Univ.; 2IMS and Univ. Tsukuba; 3Univ.
Minnesota)

[J. Biol. Inorg. Chem. 10, 581-590 (2005)]

Copper(Il) complexes supported by bulky tridentate
ligands L1 (N,N-bis(2-quinolylmethyl)-2-phenylethyl-
amine) and L1P" (N,N-bis(2-quinolylmethyl)-2,2-di-
phenylethylamine) have been prepared and their crystal
structures as well as some physicochemical properties
have been explored. Each complex exhibits a square
pyramidal structure containing a coordinated solvent
molecule at an equatorial position and a weakly coordi-
nated counter anion (or water) at an axial position. The
copper(l) complexes reacted readily with H,0O- at a low
temperature to give mononuclear hydroperoxo copper(I1)
complexes. Kinetics and DFT studies have suggested
that, in the initial stage of the reaction, deprotonated
hydrogen peroxide attacks the cupric ion, presumably at

the axial position, to give a hydroperoxo copper(ll)
complex retaining the coordinated solvent molecule
(HR.S). HR.S then loses the solvent to give a tetragonal
copper(l1)-hydroperoxo complex (HR), in which the
-OOH group may occupy an equatorial position. The
copper(I1)-hydroperoxo complex HR exhibits a relatively
high O-O bond stretching vibration at 900 cm~1 com-
pared to other previously reported examples.

X-E-2 Detection of the His-Heme Fe2*-NO
Species in the Reduction of NO to N2O by baz-
Oxidase from Thermus thermophilus

PINAKOULAKI, Eftychial; OHTA, Takehiro?,
SOULIMANE, Tewfik3; KITAGAWA, Teizo;
VAROTSIS, Constantinos!

(tUniv. Crete; 2IMS and Stanford Univ.; 3Paul Scherrer
Inst.)

[J. Am. Chem. Soc. 127, 15161-15167 (2005)]

Reaction pathways in the enzymatic formation and
cleavage of the N-N and N-O bonds, respectively, are
difficult to verify without the structure of the inter-
mediates, but we now have such information on the



heme a32*-NO species formed in the reaction of bas-
oxidase with NO from resonance Raman spectroscopy.
We have identified the His-heme az?*-NO/Cug!* species
by its characteristic Fe—-NO and N-O stretching fre-
quencies at 539 and 1620 cm™1, respectively. The Fe—
NO and N-O frequencies in bas-oxidase are 21 and 7
cm™1 lower and higher, respectively, than those observed
in Mb—NO. From these results and earlier Raman and
FTIR measurements, we demonstrate that the protein
environment of the proximal His384 that is part of the
Q-proton pathway controls the strength of the Fe-
His384 bond upon ligand (CO vs NO) binding. We also
show by time-resolved FTIR spectroscopy that Cugl*
has a much lower affinity for NO than for CO. We
suggest that the reduction of NO to N,O by bas-oxidase
proceeds by the fast binding of the first NO molecule to
heme a3 with high-affinity, and the second NO molecule
binds to Cug with low-affinity, producing the temporal
co-presence of two NO molecules in the heme-copper
center. The low-affinity of Cug for NO binding also
explains the NO reductase activity of the bas-oxidase as
opposed to other heme-copper oxidases. With the iden-
tification of the His-heme a32*-NO/Cugl* species, the
structure of the binuclear heme as-Cugl* center in the
initial step of the NO reduction mechanism is known.

X-E-3 Structural Studies Reveal that the
Diverse Morphology of B>-Microglobulin
Aggregates is a Reflection of Different
Molecular Architectures

KARDOS, Jozsefl; OKUNO, Daichi?; KAWAI,
Tomojid; HAGIHAWA, Yoshihisa®; YUMOTO,
Noboru*; KITAGAWA, Teizo; ZAVODSZKY, Peter>;
NAIKI, Hironobu®; GOTO, Yuji®

(*E6tvos Lorand Univ.; 2SOKENDAI and Osaka Univ.;
S0saka Univ.; AIST; °HAS; 5Univ. Fukui)

[Biochim. Biophys. Acta 1753, 108-120 (2005)]

Amyloid deposition accompanies over 20 degen-
erative diseases in human, including Alzheimer’s,
Parkinson’s, and prion diseases. Recent studies revealed
the importance of other type of protein aggregates, e.g.,
non-specific aggregates, protofibrils, and small oligo-
mers in the development of such diseases and proved
their increased toxicity for living cells in comparison
with mature amyloid fibrils. We carried out a compara-
tive structural analysis of different monomeric and
aggregated states of B,-microglobulin, a protein respon-
sible for hemodialysis-related amyloidosis. We investi-
gated the structure of the native and acid-denatured
states, as well as that of mature fibrils, immature fibrils,
amorphous aggregates, and heat-induced filaments,
prepared under various in vitro conditions. Infrared
spectroscopy demonstrated that the B-sheet compositions
of immature fibrils, heat-induced filaments and amor-
phous aggregates are characteristic of antiparallel inter-
molecular B-sheet structure while mature fibrils are
different from all others suggesting a unique overall
structure and assembly. Filamentous aggregates prepared
by heat treatment are of importance in understanding the
in vivo disease because of their stability under physio-
logical conditions, where amyloid fibrils and protofibrils
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formed at acidic pH depolymerize. Atomic force micros-
copy of heat-induced filaments represented a morphol-
ogy similar to that of the low pH immature fibrils. At a
pH close to the pl of the protein, amorphous aggregates
were formed readily with association of the molecules
in native-like conformation, followed by formation of
intermolecular B-sheet structure in a longer time-scale.
Extent of the core buried from the solvent in the various
states was investigated by H/D exchange of the amide
protons.

X-E-4 Biophysical Properties of a c-Type Heme
in Chemotaxis Signal Transducer Protein DcrA

YOSHIOKA, Shiro; KOBAYASHI, Katsuakil;
YOSHIMURA, Hideaki; UCHIDA, Takeshi?;
KITAGAWA, Teizo; AONO, Shigetoshi

(*IMS and Chuo Univ.; 2IMS and Hokkaido Univ.)

[Biochemistry 44, 15406-15413 (2005)]

Chemotaxis signal transducer protein DcrA from a
sulfate-reducing bacterium Desulfovibrio vulgaris
Hildenborough was previously shown to contain a c-
type heme in its periplasmic domain (DcrA-N) for
sensing redox and/or oxygen [Fu et al. J. Bacteriol. 176,
344-350 (1994)], which is the first example of a heme-
based sensor protein containing a c-type heme as a
prosthetic group. Optical absorption and resonance
Raman spectroscopies indicates that heme ¢ in DcrA-N
shows a redox-dependent ligand exchange. Upon reduc-
tion, a water molecule that may be the sixth ligand of
the ferric heme c is replaced by an endogenous amino
acid. Although the reduced heme in DcrA-N is six-
coordinated with two endogenous axial ligands, CO can
easily bind to the reduced heme to form CO-bound
DcrA-N. Reaction of the reduced DcrA-N with molecu-
lar oxygen results in autoxidation to form a ferric state
without forming any stable oxygen-bound form probably
due to the extremely low redox potential of DcrA-N
(=250 mV). Our study supports the initial idea by Fu et
al. that DcrA would act as a redox and/or oxygen sensor,
in which the ligand exchange between water and an
endogenous amino acid is a trigger for signal trans-
duction. While the affinity of CO to DcrA-N (Kq = 138
uM) is significantly weak compared to those of other
heme proteins, we suggest that CO might be another
physiological effector molecule.

X-E-5 Discovery of a Reaction Intermediate of
Aliphatic Aldoxime Dehydratase Involving
Heme as an Active Center

KONISHI, Kazunobul; OHTA, Takehiro?;
OINUMA, Ken-Ichil; HASHIMOTO, Yoshiterul;
KITAGAWA, Teizo; KOBAYASHI, Michihiko?
(*Univ. Tsukuba; 2IMS and Stanford Univ.)

[Proc. Natl. Acad. Sci. U.S.A. 103, 564-568 (2006)]

Recently, we discovered an intriguing hemoprotein
[aliphatic aldoxime dehydratase (OxdA)] that catalyzes
the dehydration of aliphatic aldoximes [R-CH=N-OH]
to the corresponding nitriles [R—-CN] in the industrial
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Pseudomonas chlororaphis B23 strain. Unlike the utili-
zation of Hy0, or Oy as a mediator of the catalysis by
other heme-containing enzymes (e.g., P450), OxdA is
notable for the direct binding of a substrate to the heme
iron, experimental evidence of which was obtained here
by means of resonance Raman (RR) analysis with an
isotope technique. We found that the addition of a large
amount of butyraldoxime (final concentration, 200 mM)
to ferrous OxdA with a low enzyme concentration (final
concentration, 5 uM) yields a long-lived OxdA-substrate
complex (named OS-I11), whose UV-vis spectrum is
different from the corresponding spectra of the OxdA-
substrate complex | and CO-bound, ferrous, and ferric
forms of OxdA. Intriguingly, the RR analysis demon-
strated that OS-I1 includes a highly oxidized heme with
strong bonding between a substrate and the heme iron,
as judged from the heme oxidation state markerv, band
at 1,379 cm™1 and the 15N-isotope-substituted butyr-
aldoxime sensitive band at 857 cm~1 in the RR spectra.
It is noteworthy that OS-11 has a highly oxidized heme
like the ferryl-oxo heme species (e.g., compound II)
formed by some general hemoproteins, although the
function of OxdA is different from those (transport of
electrons, transport of oxygen, sensing of oxygen or
carbon monoxide, and catalysis of redox reactions) of
general hemoproteins.

X-E-6 Intramolecular Arene Hydroxylation
versus Intermolecular Olefin Epoxidation by (u-
n2:m2-Peroxo)dicopper(ll) Complex Supported
by Dinucleating Ligand

MATSUMOTO, Takahirol; FURUTACHI, Hidekil;
KOBINO, Masashil; TOMII, Masato?;
NAGATOMO, ShigenoriZ; TOSHA, Takehiko;
OSAKO, Takao®; FUJINAMI, Shuheil; ITOH,
Shinobu3; KITAGAWA, Teizo; SUZUKI, Masatatsu?
(*Kanazawa Univ.; 2IMS and Univ. Tsukuba; 3Osaka
City Univ.)

[J. Am. Chem. Soc. 128, 3874-3875 (2006)]

A discrete (u-n2:m?2-peroxo)Cu(Il),; complex, [Cup
(02)(H-L)]?*, is capable of performing not only intra-
molecular hydroxylation of a m-xylyl linker of a di-
nucleating ligand but also intermolecular epoxidation of
styrene via electrophilic reaction to the C=C bond and
hydroxylation of THF by H-atom abstraction.

X-E-7 Significance of the Molecular Shape of
Iron Corrphycene in a Protein Pocket

NEYA, Saburo®; IMAI, KiyohiroZ; HIRAMATSU,
Yoshitsugu?; KITAGAWA, Teizo; HOSHINO, Tyuji;
HATA, Masayukil; FUNASAKI, Noriaki®

(*Chiba Univ.; 2Sapporo Med. Univ.; 3Okayama Univ.;
4Hamamatsu ENT Surgicenter; °Kyoto Pharm. Univ.)

[Inorg. Chem. 45, 4238-4242 (2006)]

The iron complex of a new type of corrphycene
bearing two ethoxycarbonyl (-CO2CyHs) groups on the
bipyrrole moiety was introduced into apomyoglobin.
The reconstituted ferric myoglobin has a coordinating

water molecule that deprotonates to hydroxide with a
pKa value of 7.3 and exhibits 3—10-fold higher affinities
for anionic ligands when compared with a counterpart
myoglobin with the same substituents on the dipyrro-
ethene moiety. In the ferrous state, the oxygen affinity of
the new myoglobin was decreased to 1/410 of the native
protein. The anomalies in the ligand binding, notably
dependent on the side-chain location, were interpreted
in terms of a characteristic core shape of corrphycene
that produces the longer and shorter Fe—N(pyrrole)
bonds. The spin-state equilibrium analysis of the ferric
azide myoglobin containing the new iron corrphycene
supported the nonequivalence of the Fe—N(pyrrole)
bonds. These results demonstrate that the trapezoidal
molecular shape of corrphycene exerts functional sig-
nificance when the iron complex is placed in a protein
pocket.

X-E-8 Sequential Reaction Intermediates in
Aliphatic C—H Bond Functionalization Initiated
by a Bis(u-oxo)dinickel(lll) Complex

CHO, Jaeheung!; FURUTACHI, Hidekil;
FUJINAMI, Shuheil; TOSHA, Takehiko; OHTSU,
Hideki; IKEDA, Osamul; SUZUKI, Akane?;
NOMURA, Masaharu?; URUGA, Tomoya3;
TANIDA, Hajime3; KAWAI, Toshihide?; TANAKA,
Koji; KITAGAWA, Teizo; SUZUKI, Masatatsu®
(!Kanazawa Univ.; 2KEK; 3JASRI)

[Inorg. Chem. 45, 2873-2885 (2006)]

Reaction of [Nio(OH).(Mes-tpa),]2* (1) (Mep-tpa =
bis(6-methyl-2-pyridylmethyl)(2-pyridylmethyl)amine)
with H,O; causes oxidation of a methylene group of
Mey-tpa ligand to give N-dealkylated ligand and oxi-
dation of a methyl group to afford ligand-based car-
boxylate and alkoxide as final oxidation products. A
series of the sequential reaction intermediates produced
in the oxidation pathways, a bis(u-oxo)dinickel(ll1)
([Ni2(0)2(Mez-tpa),]2* (2)), abis(u-superoxo)dinickel (1)
(INi2(02)2(Me2-tpa)2]** (3)), a (u-hydroxo)(u-alkyl-
peroxo)dinickel(Il) ([Ni2(OH)(Mez-tpa)(Me-tpa-CH;
00)]%* (4)), and a bis(u-alkylperoxo)dinickel(I1) ([Niz
(Me-tpa-CH,00),]2* (5)), was isolated and charac-
terized by various physicochemical measurements in-
cluding X-ray crystallography and their oxidation path-
ways were investigated. Reaction of 1 with H,05 in
methanol at —40 °C generates 2, which is extremely
reactive with H,O, to produce 3. 2 was isolated only
from disproportionation of 3 in the absence of H,0, at
—-40 °C. Thermal decomposition of 2 under N, generated
an N-dealkylated ligand Me-dpa ((6-methyl-2-pyridyl-
methyl)(2-pyridylmethyl)amine) and a ligand-coupling
dimer (Me-tpa-CH>),. The formation of (Me-tpa-CHy),
suggests that a ligand-based radical Me-tpa-CHye is
generated as a reaction intermediate produced probably
by H-atom abstraction by the oxo group. Isotope label-
ing experiment revealed that intramolecular coupling
occurs for the formation of the coupling dimer. The
results indicates that rebound of oxygen to the Me-tpa-
CHoae is slower compared to those observed for various
high-valent bis(u-oxo)dimetal complexes. In contrast,
decomposition of 2 and 3 in the presence of O, gave



carboxylate and alkoxide ligands (Me-tpa-COO~ and
Me-tpa-CH,0") instead of (Me-tpa-CH>),, indicating
that the reaction of the Me-tpa-CHaye with O, is faster
than the coupling of Me-tpa-CHae to generate a ligand-
based peroxyl radical Me-tpa-CH,0O0e. Although there
is a possibility that the Me-tpa-CH,OQ- species could
undergo various reactions, one of possible reactive
intermediates, 4, was isolated from the decomposition of
3 under O3 at —20 °C. The alkylperoxo ligands in 4 and
5 can be converted to a ligand-based aldehyde by either
homolysis or heterolysis of the O-O bond and dispro-
portionation of the aldehyde gives carboxylate and
alkoxide via the Cannizzaro reaction.

X-E-9 170 NMR Study of Oxo Metalloporphyrin
Complexes: Correlation with Electronic
Structure of M=O Moiety

FUJII, Hiroshi; KURAHASHI, Takuya; TOSHA,
Takehiko; YOSHIMURA, Tetsuaki; KITAGAWA,
Teizo

[J. Inorg. Biochem. 100, 533-541 (2006)]

170 NMR spectroscopy of oxo ligand of oxo metal-
loporphyrin can be considered as an excellent means to
derive information about structure, electronic state, and
reactivity of the metal bound oxo ligand. To show the
utility of 17O NMR spectroscopy of oxo ligand of oxo
metalloporphyrin, 17O NMR spectra of oxo ligands of
dioxo ruthenium(VI), oxo chromium(lV), and oxo tita-
nium(1V) porphyrins are measured. For all oxo metallo-
porphyrins, well-resolved 17O NMR signals are detected
in far high frequency region. The 1O NMR signal of the
metal bound oxo ligand shifts high frequency in order of
Ru(VI) < Ti(IV) < Cr(1V), thus the 170 NMR chemical
shift does not directly correlate with the oxo-transfer
reactivity, Ti(IV) < Cr(IV) < Ru(VI). On the other hand,
the 70O NMR shift of oxo ligand correlates with the
bond strength of metal-oxo bond. This suggests that the
170 NMR signal of metal bound oxo ligand is a sensitive
probe to study the nature of metal-oxo bond in oxo
metalloporphyrin. The effect of the electron-withdrawing
meso-substituent on the 70O NMR shift of the oxo
ligand is also investigated. With increase in the electron-
withdrawing effect of the meso-substituent, the 17O
NMR signal of the oxo ligand of oxo chromium(lV)
porphyrin shifts high frequency while that of dioxo
ruthenium(V1) porphyrin hardly change resonance posi-
tion. The changes in metal-oxo bonds induced by the
electron-withdrawing meso-substituent are discussed on
the basis of the 17O NMR shifts, the strengths of the
metal—oxo bonds, and the oxo-transfer reaction rates.

X-E-10 Nonheme Iron(ll) Complexes of
Macrocyclic Ligands in the Generation of
Oxoiron(lV) Complexes and the Catalytic
Epoxidation of Olefins

SUH, Yumil; SEO, Mi Sook?!; KIM, Kwan Mook?;
KIM, Youn Sang?; JANG, Ho G.2; TOSHA,
Takehiko; KITAGAWA, Teizo; KIM, Jinheung?;
NAM, Wonwoo?

(*Ewha Womans Univ.; 2Korea Univ.)
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[J. Inorg. Biochem. 100, 627-633 (2006)]

Mononuclear nonheme oxoiron(lIV) complexes bear-
ing 15-membered macrocyclic ligands were generated
from the reactions of their corresponding iron(ll) com-
plexes and iodosylbenzene (PhlO) in CH3CN. The oxo-
iron(1V) species were characterized with various spec-
troscopic techniques such as UV-vis spectrophotometer,
electron paramagnetic resonance, electrospray ionization
mass spectrometer, and resonance Raman spectroscopy.
The oxoiron(IVV) complexes were inactive in olefin
epoxidation. In contrast, when iron(Il) and oxoiron(IV)
complexes are combined with PhlO in the presence of
olefins, high yields of oxygenated products were ob-
tained. These results indicate that in addition to the
oxoiron(l1V) species, there must be at least one more
active oxidant (e.g., Fe'V-OIPh adduct and oxoiron(V)
species) that is responsible for the olefin epoxidation.
We have also demonstrated that the ligand environment
of iron catalysts is an important factor in controlling the
product selectivity as well as the catalytic activity in the
catalytic epoxidation of olefins.

X-E-11 Resonance Raman Enhancement of
Fe!V=0 Stretch in High-Valent Iron Porphyrins:
An Insight from TD-DFT Calculations

KOZLOWSKI, Pawel M.1; KUTA, Jadwigal; OHTA,
Takehiro?; KITAGAWA, Teizo
(*Louisvill Univ.; 2IMS and Stanford Univ.)

[J. Inorg. Biochem. 100, 744-750 (2006)]

Density functional theory (DFT) has been applied to
explain the origin of resonance Raman enhancement
associated with the Fe'V=0 stretch observed in iron(1V)
oxo porphyrins. To accomplish this electronic excitations
of the Im—(Por) Fe'V=0 model were computed in the
1.5-4.0 eV spectral range using time-dependent DFT
(TD-DFT). All electronic transitions having dominant «t
— 1* character were analyzed and assigned in terms of
one-electron excitations. It was found that the most
intense Soret band has a multi-component character, but
the  (agy) — ©* (dxz,, dyz) and m (a1y) — T (dxz, dyz)
electronic excitations are primarily responsible for
observed resonance enhancement of the Fe'V=0 stretch.

X-E-12 Spectroscopic and Substrate Binding
Properties of Heme-Containing Aldoxime
Dehydratases, OxdB and OxdRe

KOBAYASHI, Katsuakil; PAL, Biswajit?;
YOSHIOKA, Shiro; KATO, Yasuo?; ASANO,
Yasuhisa®; KITAGAWA, Teizo; AONO, Shigetoshi
({IMS and Chuo Univ.; 2IMS and CCMB; 3Toyama Pref.
Univ.)

[J. Inorg. Biochem. 100, 1069-1074 (2006)]

Aldoxime dehydratase (Oxd) is a novel hemeprotein
that catalyzes the dehydration reaction of aldoxime to
produce nitrile. In this study, we studied the spec-
troscopic and substrate binding properties of two Oxds,
OxdB from Bacillus sp. strain OxB-1 and OxdRE from
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Rhodococcus sp. N-771, that show different quaternary
structures and relatively low amino acid sequence iden-
tity. Electronic absorption and resonance Raman spec-
troscopy revealed that ferric OXdRE contained a six-
coordinate low-spin heme, while ferric OxdB contained
a six-coordinate high-spin heme. Both ferrous OxdRE
and OxdB included a five-coordinate high-spin heme to
which the substrate was bound via its nitrogen atom for
the reaction to occur. Although the ferric Oxds were
inactive for catalysis, the substrate was bound to the
ferric heme via its oxygen atom in both OxdB and
OxdRE. Electronic paramagnetic resonance (EPR) and
rapid scanning spectroscopy revealed that the flexibility
of the heme pocket was different between OxdB and
OxdRE, which might affect their substrate specificity.

X-E-13 Spectroscopic and DNA-Binding
Characterization of the Isolated Heme-Bound
Basic Helix-Loop-Helix-PAS-A Domain of
Neuronal PAS Protein 2 (NPAS2), a
Transcription Activator Protein Associated with
Circadian Rhythms

MUKAIYAMA, Yujil; UCHIDA, Takeshi?; SATO,
Emikol; SASAKI, Ail; SATO, Yukol; IGARASHI,
Jotaro!; KUROKAWA, Hirofumil; SAGAMI,
Ikuko3; KITAGAWA, Teizo; SHIMIZU, Toru?!
(YTohoku Univ.; 2IMS and Hokkaido Univ.; 3Tohoku
Univ. and Kyoto Pref. Univ.)

[FEBS J. 273, 2528-2539 (2006)]

Neuronal PAS domain protein 2 (NPAS2) is a circa-
dian rhythm-associated transcription factor with two
heme-binding sites on two PAS domains. In the present
study, we compared the optical absorption spectra,
resonance Raman spectra, heme-binding kinetics and
DNA-binding characteristics of the isolated fragment
containing the N-terminal basic helix-loop-helix (bHLH)
of the first PAS (PAS-A) domain of NPAS2 with those
of the PAS-A domain alone. We found that the heme-
bound bHLH-PAS-A domain mainly exists as a dimer in
solution. The Soret absorption peak of the Fe(lll) com-
plex for bHLH-PAS-A (421 nm) was located at a wave-
length 9 nm higher than for isolated PAS-A (412 nm).
The axial ligand trans to CO in bHLH-PAS-A appears
to be His, based on the resonance Raman spectra. In
addition, the rate constant for heme association with
apo-bHLH-PAS (3.3 x 107 mol-1.s71) was more than
two orders of magnitude higher than for association with
apo-PAS-A (< 10° mol~1-s71). These results suggest that
the bHLH domain assists in stable heme binding to
NPAS2. Both optical and resonance Raman spectra
indicated that the Fe(I1)-NO heme complex is five-
coordinated. Using the quartz-crystal microbalance
method, we found that the bHLH-PAS-A domain binds
specifically to the E-box DNA sequence in the presence,
but not in the absence, of heme. On the basis of these
results, we discuss the mode of heme binding by bHLH-
PAS-A and its potential role in regulating DNA binding.

X-E-14 Specific Hydrogen-Bonding Networks
Responsible for Selective O, Sensing of the
Oxygen Sensor Protein HemAT from Bacillus
subtilis

YOSHIMURA, Hideaki; YOSHIOKA, Shiro;
KOBAYASHI, Katsuakil; OHTA, Takehiro?;
UCHIDA, Takeshi3; KUBO, Minoru; KITAGAWA,
Teizo; AONO, Shigetoshi

(*IMS and Chuo Univ.; 2IMS and Stanford Univ.; 3IMS
and Hokkaido Univ.)

[Biochemistry 45, 8301-8307 (2006)]

HemAT from Bacillus subtilis (HemAT-Bs) is a
heme-based O, sensor protein that acts as a signal
transducer responsible for aerotaxis. HemAT-Bs dis-
criminates its physiological effector, O,, from other gas
molecules to generate the aerotactic signal, but the
detailed mechanism of the selective O, sensing is not
obvious. In this study, we measured electronic absorp-
tion, electron paramagnetic resonance (EPR), and reso-
nance Raman spectra of HemAT-Bs to elucidate the
mechanism of selective O, sensing by HemAT-Bs. Reso-
nance Raman spectroscopy revealed the presence of a
hydrogen bond between His86 and the heme propionate
only in the O,-bound form, in addition to that between
Thr95 and the heme-bound O,. The disruption of this
hydrogen bond by the mutation of His86 caused the
disappearance of a conformer with a direct hydrogen
bond between Thr95 and the heme-bound O3 that is
present in WT HemAT-Bs. On the basis of these results,
we propose a model for selective O, sensing by HemAT-
Bs as follows. The formation of the hydrogen bond
between His86 and the heme propionate induces a
conformational change of the CE-loop and the E-helix
by which Thr95 is located at the proper position to form
the hydrogen bond with the heme-bound O,. This step-
wise conformational change would be essential to selec-
tive Oy sensing and signal transduction by HemAT-Bs.

X-E-15 Raman Evidence for Specific Substrate-
Induced Structural Changes in the Heme
Pocket of Human Cytochrome P450 Aromatase
during the Three Consecutive Oxygen
Activation Steps

TOSHA, Takehiko; KAGAWA, Noriol; OHTA,
Takehiro?; YOSHIOKA, Shiro; WATERMAN,
Michael R.1; KITAGAWA, Teizo

(tVanderhbilt Univ.; 2IMS and Stanford Univ.)

[Biochemistry 45, 5631-5640 (2006)]

Specific substrate-induced structural changes in the
heme pocket are proposed for human cytochrome P450
aromatase (P450arom) which undergoes three con-
secutive oxygen activation steps. We have experimentally
investigated this heme environment by resonance Raman
spectra of both substrate-free and substrate-bound forms
of the purified enzyme. The Fe-CO stretching mode
(Vre—co) of the CO complex and Fe3*-S stretching mode
(Vre-s) of the oxidized form were monitored as a struc-
tural marker of the distal and proximal sides of the



heme, respectively. The vre_co mode was upshifted
from 477 to 485 and to 490 cm! by the binding of
androstenedione and 19-aldehyde-androstenedione, sub-
strates for the first and third steps, respectively, whereas
VEe—co Was not observed for P450arom with 19-hydroxy-
androstenedione, a substrate for the second step, indi-
cating that the heme distal site is very flexible and
changes its structure depending on the substrate. The
19-aldehyde-androstenedione binding could reduce the
electron donation from the axial thiolate, which was
evident from the low-frequency shift of vee_s by 5 cm™!
compared to that of androstenedione-bound P450arom.
Changes in the environment in the heme distal site and
the reduced electron donation from the axial thiolate
upon 19-aldehyde-androstenedione binding might stabi-
lize the ferric peroxo species, an active intermediate for
the third step, with the suppression of the formation of
compound | (Fe**=0 porphyrin*) that is the active
species for the first and second steps. We, therefore,
propose that the substrates can regulate the formation of
alternative reaction intermediates by modulating the
structure on both the heme distal and proximal sites in
P450arom.

X-E-16 Evidence for Displacement of the C-
Helix by CO Ligation and DNA Binding to CooA
Revealed by UV Resonance Raman
Spectroscopy

KUBO, Minoru; INAGAKI, Sayakal; YOSHIOKA,
Shiro; UCHIDA, Takeshi2; MIZUTANI, Yasuhisa3;
AONO, Shigetoshi; KITAGAWA, Teizo

(*IMS and CERM; 2IMS and Hokkaido Univ.; 3IMS and
Osaka Univ.)

[J. Biol. Chem. 281, 11271-11278 (2006)]

The UV and visible resonance Raman spectra are
reported for CooA from Rhodospirillum rubrum, which
is a transcriptional regulator activated by growth ina CO
atmosphere. CO binding to heme in its sensor domain
causes rearrangement of its DNA-binding domain, allow-
ing binding of DNA with a specific sequence. The
sensor and DNA-binding domains are linked by a hinge
region that follows a long C-helix. UV resonance Raman
bands arising from Trp-110 in the C-helix revealed local
movement around Trp-110 upon CO binding. The indole
side chain of Trp-110, which is exposed to solvent in the
CO-free ferrous state, becomes buried in the CO-bound
state with a slight change in its orientation but maintains
a hydrogen bond with a water molecule at the indole
nitrogen. This is the first experimental data supporting
apreviously proposed model involving displacement of
the C-helix and heme sliding. The UV resonance Raman
spectra for the CooA-DNA complex indicated that bind-
ing ofDNA to CooA induces a further displacement of
the C-helix in the same direction during transition to the
complete active conformation. The Fe—-CO and C-O
stretching bands showed frequency shifts upon DNA
binding, but the Fe—His stretching band did not. More-
over, CO-geminate recombination was more efficient in
the DNA-boundstate. These results suggest that the C-
helix displacement in the DNA-bound form causes the
CO binding pocket to narrow and become more negative.
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X-E-17 On the Relationship of Coral Allene
Oxide Synthase to Catalase: A Single Active
Site Mutation that Induces Catalase Activity in
Coral Allene Oxide Synthase

TOSHA, Takehiko; UCHIDA, Takeshil; BRASH,
Alan R.2; KITAGAWA, Teizo
(*IMS and Hokkaido Univ.; 2Vandervilt Univ.)

[J. Biol. Chem. 281, 12610-12617 (2006)]

A heme domain of coral allene oxide synthase
(cAQS) catalyzes the formation of allene oxide from
fatty acid hydroperoxide. Although cAOS has a similar
heme active site to that of catalase, cCAOS is completely
lacking in catalase activity. A close look at the hydrogen-
bonding possibilities around the distal His in cAOS
suggested that the imidazole ring is rotated by 180°
relative to that of catalase because of the hydrogen bond
between Thr-66 and the distal His-67. This could contrib-
ute to the functional differences between cAOS and
catalase, and to examine this possibility, we mutated
Thr-66 in cAOS to Val, the corresponding residue in
catalase. In contrast to the complete absence of catalase
activity in wild type (WT) cAOS, T66V had a modest
catalase activity. On the other hand, the mutation sup-
pressed the native enzymatic activity of the formation of
allene oxide to 14% of that of WT cAOS. In the reso-
nance Raman spectrum, whereas WT cAOS has only a
6-coordinate/high spin heme, T66V has a 5-coordinate/
high spin heme as a minor species. Because catalase
adopts a 5-coordinate/high spin structure, probably the
5-coordinate/high spin portion of T66V showed the
catalase activity. Furthermore, in accord with the fact
that the CN affinity of catalase is higher than that of WT
cAQOS, the CN affinity of T66V was 8-fold higher than
that of WT cAOS, indicating that the mutation could
mimic the heme active site in catalase. We, therefore,
propose that the hydrogen bond between Thr-66 and
distal His-67 could modulate the orientation of distal
His, thereby regulating the enzymatic activity in cAOS.

X-E-18 Similarities and Differences between
Cyclobutane Pyrimidine Dimer (CPD)
Photolyase and (6-4) Photolyase as Revealed
by Resonance Raman Spectroscopy: Electron
Transfer from FAD Cofactor to UV-Damaged
DNA

LI, Jiang!; UCHIDA, Takeshi2; TODO, Takeshi?;
KITAGAWA, Teizo
(!SOKENDAI; 2IMS and Hokkaido Univ.; 3Kyoto Univ.)

[J. Biol. Chem. 281, 25551-25559 (2006)]

Cyclobutane pyrimidine dimer (CPD) and (6-4)
photoproduct, two major types of DNA damage caused
by ultraviolet (UV) light, are repaired under illumination
with near-UV/visible light by CPD photolyase and (6-4)
photolyase, respectively. To understand the mechanism
of DNA repair, we examined the resonance Raman
spectra of complexes between damaged DNA and the
neutral semiquinoid and oxidized forms of (6-4) and
CPD photolyases. The marker band for a neutral semi-
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quinoid flavin and band | of the oxidized flavin, which
are derived from the vibrations of the benzene ring of
FAD, were shifted to lower frequencies upon binding of
damaged DNA by CPD photolyase but not by (6-4)
photolyase, indicating that CPD interacts with the ben-
zene ring of FAD directly but that (6-4) photoproduct
does not. Bands Il and V11 of the oxidized flavin and the
1398/1391 cm~! bands of the neutral semiquinoid flavin,
which may reflect the bending of the U-shaped FAD,
were altered upon substrate binding, suggesting that
CPD and (6-4) photoproduct interact with the adenine
ring of FAD. When substrate is bound, there is an
upshifted 1528 cm~! band of the neutral semiquinoid
flavin in CPD photolyase, indicating a weakened hydro-
gen bond at N5-H of FAD, and in (6-4) photolyase, band
X seems to be downshifted, indicating a weakened
hydrogen bond at N3-H of FAD. These Raman spectra
led us to conclude that the two photolyases have dif-
ferent electron transfer mechanisms as well as different
hydrogen bonding environments, which account for the
higher redox potential of CPD photolyase.

X-E-19 Structure of Interacting Segments in
the Growing Amyloid Fibril of B2-Microglobulin
Probed with IR Spectroscopy

LU, Ming!; HIRAMATSU, Hirotsugu?; GOTO,
Yujid; KITAGAWA, Teizo
(\SOKENDAI; 2IMS and Tohoku Univ.; 3Osaka Univ.)

[J. Mol. Biol. 362, 355-364 (2006)]

Inter-segmental interaction at the growing tip of the
amyloid fibril of B,-microglobulin (Bom) was inves-
tigated using IR microscopy. Cross-seeded fibril forma-
tion was implemented, in which the amyloid fibril of the
#21-31 fragment of Bom (FA[#21-31]) was generated on
Bom amyloid fibril (fA[Bom]) as a seed. Differences
between the IR spectra of the cross-seeded fibril and the
seed were attributed to the contribution from the tip,
whose structure is discussed. The results indicated that
6.5+1.0 out of 11 residues of the fA[#21-31] tip on
fA[B2m] are contained in a B-sheet at pH 2.5, which was
smaller than the corresponding value (7.5+1.1 residues)
of the spontaneous fA[#21-31] at pH 2.5. The tip was
suggested to have a planar structure, indicating the
planarity of the interacting segment. The N-terminal
region of fA[#21-31] in the fibril is more exposed to the
solvent than that in the tip, and vice versa for the C-
terminal region. This is consistent with the different
protonation levels of these regions, and from these
results the direction of peptide in the fibrils is determined.

X-E-20 Pathway of Information Transmission
from Heme to Protein upon Ligand Binding/
Dissociation in Myoglobin Revealed by UV
Resonance Raman Spectroscopy

GAO, Ying!; EL-MASHTOLY, Samir F.; PAL,
Biswajit?; HAYASHI, Takashi®; HARADA,
Katsuyoshi4; KITAGAWA, Teizo

(1SOKENDAI; 2IMS and CCMB; 3IMS and Osaka
Univ.; “Osaka Univ.)

[J. Biol. Chem. 281, 2463724646 (2006)]

Gas sensory heme proteins respond to their environ-
ment by binding a specific gas molecule to heme and
transmitting this primary binding signal to the protein.
How the binding signal is transmitted from the heme to
the protein remains to be clarified. Using UV resonance
Raman (UVRR) spectroscopy, we investigated this path-
way in sperm whale myoglobin as a model gas sensory
heme protein. Based on the UVRR data and the effects
of deleting one of three important pathways (His93, 6-
propionate, or 7-propionate), we determined the changes
in the conformation of globin that occur upon binding of
CO, NO, or O, to heme and how they are transmitted
from heme to globin. The UVRR results show that heme
discriminates different ligands, resulting in different
conformations in the globin protein. Specifically, NO
induces changes in the spectrum of Trp residues in the
A-helix that are significantly different from those in-
duced by O3 or CO binding. On the other hand, binding
of O, to heme produces changes in the Tyr residues of
the H-helix that are different from those induced by CO
or NO binding. Furthermore, we found that cleavage of
the Fe-His93 covalent bond eliminates communication
to the terminal region of the H-helix and that the 7-
propionate hydrogen-bonding network is essential for
transmitting the CO or NO binding signal to the N- and
C-termini. Finally, the 6-propionate is important only
for NO binding. Thus, the hydrogen-bonding network in
the protein appears to be critical for intramolecular
signal transduction in gas sensory heme proteins.

X-E-21 Characteristic Structure and
Environment in FAD Cofactor of (6-4)
Photolyase along Function Revealed by
Resonance Raman Spectroscopy

LI, Jiang!; UCHIDA, Takeshi2; OHTA, Takehiro?;
TODO, Takeshi4; KITAGAWA, Teizo
(!SOKENDAI; 2IMS and Hokkaido Univ.; 3IMS and
Stanford Univ.; *Kyoto Univ.)

[J. Phys. Chem. B 110, 16724-16732 (2006)]

A pyrimidine-pyrimidone (6-4) photoproduct and a
cyclobutane pyrimidine dimer (CPD) are major DNA
lesions induced by ultraviolet irradiation, and (6-4)
photolyase, an enzyme with flavin adenine dinucleotide
(FAD) as a cofactor, repairs the former specifically by
light illumination. We investigated resonance Raman
spectra of (6-4) photolyase from Arabidopsis thaliana
having neutral semiquinoid and oxidized forms of FAD,
which were selectively intensity enhanced by excitations
at 568.2 and 488.0 nm, respectively. DFT calculations
were carried out for the first time on the neutral semi-
quinone. The marker band of a neutral semiquinone at
1606 cm~ in H,0, whose frequency is the lowest among
various flavoenzymes, apparently splits into two com-
parable bands at 1594 and 1608 cm~! in D,0, and
similarly that at 1522 cm1 in H,O does into three bands
at 1456, 1508, and 1536 cm! in D,O. This D,O effect
was recognized only after being oxidized once and
photoreduced to form a semiquinone again, but not by
simple H/D exchange of solvent. Some Raman bands of



the oxidized form were observed at significantly low
frequencies (1621, 1576 cm™1) and with band splittings
(1508/1493, 1346/1320 cm~1). These Raman spectral
characteristics indicate strong H-bonding interactions (at
N5-H, N1), a fairly hydrophobic environment, and an
electron-lacking feature in benzene ring of the FAD
cofactor, which seems to specifically control the reac-
tivity of (6-4) photolyase.

X-E-22 Time-Resolved Raman Evidence for
Energy Funneling through Propionate Side

Chains in Heme Cooling Upon Photolysis of
Carbonmonoxy Myoglobin

GAO, Ying!; KOYAMA, Mai?; EL-MASHTOLY,
Samir F.; HAYASHI, Takashi®; HARADA,
Katsuyoshi*; MIZUTANI, Yasuhisa2; KITAGAWA,
Teizo

(1SOKENDAI; 2Kobe Univ.; 3IMS and Osaka Univ.;
40saka Univ.)

[Chem. Phys. Lett. 429, 239243 (2006)]

The heme “cooling” following CO photolysis was
investigated with picosecond time-resolved anti-Stokes
Raman spectroscopy on modified myoglobins (Mb), in
which the 6- or 7-propionate is selectively replaced by a
methyl group. The time constants of population decay of
vibrationally excited states for two modified Mbs
became significantly larger compared with those of
native Mb. This is the first experimental evidence for
appreciable contribution of each heme-propionate side
chain to the vibrational energy transfer from the heme to
the surroundings.

X-E-23 Characterization of the Phenoxyl
Radical in Model Complexes for the Cug Site of
Cytochrome c Oxidase: Steady-State and
Transient Absorption Measurements, UV
Resonance Raman Spectroscopy, EPR
Spectroscopy, and DFT Calculations for
M!-BIAIP

NAGANO, Yasutomo; LIU, Jin-Gang!; NARUTA,
Yoshinoril; IKOMA, Tadaaki; TERO-KUBOTA,
Shozo?; KITAGAWA, Teizo

(*Kyushu Univ.; 2Tohoku Univ.)

[J. Am. Chem. Soc. 128, 14560-14570 (2006)]

Physicochemical properties of the covalently cross-
linked tyrosine-histidine-Cug (Tyr-His-Cug) unit, which
is a minimal model complex [M''-BIAIPBr]Br (M =
cull, zn") for the Cug site of cytochrome ¢ oxidase,
were investigated with steady-state and transient absorp-
tion measurements, UV resonance Raman (UVRR)
spectroscopy, X-band continuous-wave electron para-
magnetic resonance (EPR) spectroscopy, and DFT cal-
culations. The pH dependency of the absorption spectra
reveals that the pK, of the phenolic hydroxyl is ca. 10
for the Cu'' model complex (Cu'-BIAIP) in the ground
state, which is similar to that of p-cresol (tyrosine),
contrary to expectations. The bond between Cu!' and
nitrogen of cross-linked imidazole cleaves at pH 4.9. We
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have successfully obtained UVRR spectra of the phe-
noxyl radical form of BIAIPs, and have assigned bands
based on the previously reported isotope shifts of Im-Ph
(2-(1-imidazoyl)-4-methylphenol) (Aki, M.; Ogura, T.;
Naruta, Y.; Le, T. H.; Sato, T.; Kitagawa, T. J. Phys.
Chem. A 106, 3436-3444 (2002)) in combination with
DFT calculations. The upshifts of the phenoxyl vibra-
tional frequencies for 8a (C-C stretching), 7a’ (C-O
stretching), and 19a, and the Raman-intensity enhance-
ments of 19b, 8b, and 14 modes indicate that UVRR
spectra are highly sensitive to imidazole-phenol covalent
linkages. Both transient absorption measurements and
EPR spectra suggest that the Tyr-His-Cug unit has only
a minor effect on the electronic structure of the phenoxyl
radical form, although our experimental results appear
to indicate that the cross-linked Tyr radical exhibits no
EPR. The role of the Tyr-His-Cug unit in the enzyme is
discussed in terms of the obtained spectroscopic param-
eters of the model complex.

X-E-24 Ultraviolet Resonance Raman Evidence
for Utilization of the Heme 6-Propionate
Hydrogen Bond Network in Signal Transmission
from Heme to Protein in Ec DOS Protein

EL-MASHTOLY, Samir F.; TAKAHASHI, Hiroto?!;
SHIMIZU, Torul; KITAGAWA, Teizo
(*Tohoku Univ.)

[J. Am. Chem. Soc. in press]

The direct oxygen sensor protein from Escherichia
coli (Ec DOS) is a heme-based signal transducer protein
responsible for phosphodiesterase (PDE) activity. Bind-
ing of either O, or CO molecule to a reduced heme
enhances the PDE activity towards 3’,5’-cyclic digua-
nylic acid. We report ultraviolet resonance Raman
(UVRR) spectroscopic investigations of the reduced,
O,- and CO-bound forms of heme-bound PAS domain
(Ec DOSH) of Ec DOS. The UVRR results show that
heme discriminates different ligands, resulting in altered
conformations in the protein moiety. Specifically, the
environment around Trp53 that contacts heme 2-vinyl
group, shifts towards more hydrophobic upon Oy bind-
ing, while towards more hydrophilic upon the CO-
binding. In addition, the PDE activity of the O,- and
CO-bound forms for Trp53Phe is significantly decreased
compared with that of WT, demonstrating the impor-
tance of Trp53 for the catalytic reaction. On the other
hand, binding of O, or CO to the heme produces drastic
changes in the Tyr126 of Ig-strand at the surface of the
sensor domain. Furthermore, we found that Asn84 forms
a hydrogen bond with Tyr126 either in the O,- or CO-
bound forms but not in the reduced form. Finally, the
PDE activities of the ligand bound forms for Asn84Val
and Tyrl126Phe mutants are significantly reduced com-
pared with that of WT, suggesting the importance of the
hydrogen bonding network from heme 6-propionate to
Tyr 126 through Asn84 in signal transmission.

X-E-25 Identification of an “End-on” Nickel-
Superoxo Adduct, [Ni(tmc)(O2)]*

KIEBER-EMMONS, Matthew T.1; ANNARAJ,
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Jamespandi2; SEO, Mi Sook?; VAN HEUVELEN,
Katherine M.3; TOSHA, Takehiko; KITAGAWA,
Teizo; BRUNOLD, Thomas C.3; NAM, Wonwoo?;
RIORDAN, Charles G.1

(tUniv. Delaware; 2Ewha Womans Univ.; Univ.
Wisconsin-Madison)

[J. Am. Chem. Soc. in press]

An “end-on” Ni2*-superoxo adduct has been pre-
pared via two independent synthetic routes and its
structure ascertained by spectroscopic and computa-
tional methods. The new structure type in nickel coordi-
nation chemistry is supported by resonance Raman and
EPR spectroscopic features, the former displaying a
high frequency v(O-0) mode (1131 cm~1) consistent
with significant superoxo character. The Ni2*-superoxo
adduct reacts with PPhs, thereby generating OPPhs.

X-E-26 Regioselective Arene Hydroxylation
Mediated by a (u-Peroxo)diiron(lll) Complex: A
Functional Model for Toluene Monooxygenase

YAMASHITA, Mail; FURUTACHI, Hideki?;
FUJINAMI, Shuheil; TOSHA, Takehiko;
TAKAHASHI, Kenjil; TANAKA, Koji; KITAGAWA,
Teizo; SUZUKI, Masatatsu?

(*Kanazawa Univ.)

[J. Am. Chem. Soc. in press]

Diiron(11) complexes, [Fea(Phs-tidp)(RCO2)]? (R =
Ph or Ph3CCQOy,), react with dioxygen to generate per-
oxo—diiron(111) complexes [Fe(Phs-tidp)(RCO,)(0,)]2.
Dioxygen affinity can be greatly controlled by the
stereochemistry of the bridging carboxylates. Thermal
decomposition of a peroxo complex with Ph3CCO,
resulted in regioselective hydroxylation of one of phenyl
groups of the supporting ligand, which mimics toluene
monooxygenase activity.

X-E-27 A Novel Mononuclear Ligand-Based
Alkylperoxo Copper(ll) Complex as a Reaction
Intermediate in the Oxidation of the Methyl
Group of the Supporting Ligand

MIZUNO, Masayasul; HONDA, Kaoru!; CHO,
Jaeheung!; FURUTACHI, Hidekil; TOSHA,
Takehiko; MATSUMOTO, Takahirol; FUJINAMI,
Shuheil; KITAGAWA, Teizo; SUZUKI, Masatatsu?
(*Kanazawa Univ.)

[Angew. Chem., Int. Ed. in press]

Functionalization of aliphatic C—H bond mediated
by copper complexes with O, and/or H,O, is of great
interest in biological significance and industrial appli-
cability. In this communication we report the formation,
structure, and reactivity of a novel ligand-based alkyl-
peroxo copper(ll) complex, [Cu(Me-tpa-CH,00)]*,
which is produced by the reaction of [Cu(Mey-tpa)]*
with excess of HyO». The complex is the first example
of a structurally characterized ligand-based alkylperoxo-
copper(ll) complex isolated as a reaction intermediate,

which is further converted into ligand-based alkoxo,
carboxylato complexes, and some other species upon
decomposition. We believe that the findings in this study
provide fundamental basis for functionalization of ali-
phatic C-H bond by Cu-O, species and are of great
interest to wide audience.

X-E-28 Synthesis, Characterization, and
Reactivities of Manganese(V)-Oxo Porphyrin
Complexes

SONG, Woon Jul; SEO, Mi Sook!; GEORGE,
Serena DeBeer?; OHTA, Takehiro®; SONG, Rital;
KANG, Min Jungl; TOSHA, Takehiko; KITAGAWA,
Teizo; SOLOMON, Edward 1.2; NAM, Wonwoo!
(*Ewha Womans Univ.; 2Stanford Univ.; 3IMS and
Stanford Univ.)

[J. Am. Chem. Soc. in press]

The reactions of manganese(lll) porphyrin com-
plexes with terminal oxidants, such as m-chloroper-
benzoic acid, iodosylarenes, and H,O,, produced high-
valent manganese(V)-oxo porphyrins in the presence of
base in organic solvents at room temperature. The man-
ganese(V)-oxo porphyrins have been characterized with
various spectroscopic techniques, including UV-vis,
EPR, 1H and °F NMR, resonance Raman, and X-ray
absorption spectroscopy. The combined spectroscopic
results indicate that the manganese(V)-oxo porphyrins
are diamagnetic low-spin (S = 0) species with a longer,
weaker Mn—0 bond than in previously reported Mn(V)-
oxo complexes of non-porphyrin ligands. This is indica-
tive of double bond character between the manganese(V)
ion and the oxygen atom. The [(Porp)MnV=0]" species
are stable in the presence of base at room temperature.
The stability of the intermediates is dependent on base
concentration. In the absence of base, (Porp)Mn'V=0 is
generated instead of the [(Porp)MnV=0]* species. The
stability of the [(Porp)MnV=0]" species also depends on
the electronic nature of porphyrin ligands; [(Porp)MnV=
O]* complexes bearing electron-deficient porphyrin
ligands are more stable than those bearing electron-rich
porphyrins. Reactivity studies of manganese(V)-oxo
porphyrins revealed that the intermediates are capable of
oxygenating PPhs and thioanisoles, but not olefins and
alkanes at room temperature. These results indicate that
the oxidizing power of [(Porp)MnV=0]" is low in the
presence of base. However, when the [(Porp)MnV=0]*
complexes were associated with iodosylbenzene in the
presence of olefins and alkanes, high yields of oxygen-
ated products were obtained in the catalytic olefin
epoxidation and alkane hydroxylation reactions. Mecha-
nistic aspects, such as oxygen exchange between [(Porp)
MnV=160]* and H,180, are also discussed.
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