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The iron protoporphyrin IX (b type heme) exists as a reaction center in most of the
heme proteins as a prosthetic group which bound with the protein matrix. It carries out
various functions including the diatomic gaseous ligand storage and transport, electron
transfer, oxidization, peroxidization, catalysis and signaling process and so on. For
investigating the active center, heme-iron-ligand complex, IR and visible RR spectroscopy
have revealed the heme environment structure and the ligand discrimination mechanism
for many heme proteins. Furthermore, electron paramagnetic resonance spectroscopy
and quantum mechanism study have been used to x;evealing the reaction mechanism of
heme enzyme\. However, in any cases the accompanying conformational changes in
protein moilety always occur for regulating protein function as revealed by  x-ray
crystallography. It appears quite important to establish a correlation between the active
center, heme, and the protein matrix for understanding the essential mechanism for
heme proteins. Also; this issue hés attracted a lot of concerns from many fields. The
nature utilizes b type heme as the most common structure among the four kinds of hemes
that contain séme framework but altered substitutions. Therefore, it is easy to propose
that the side chains of heme could play important role in regulation of protein structure
and function, and this p.ropose is consistent with the discoveries from more and more
experimental data that side chains are involved in many reactions related with profein
functions. In this study, the interactions between heme and protein matrix as well as solvent leading
to intramolecular transduction of structural information aﬁd intermolecular energy transfer were
systematically investigated by using Mb. Those interactions include the covalent bond and the
hydrogen bonds between heme and globin and spatial collision between heme side chains and water
molecules. ' »

In order to investigate the transmission of a binding signal of a gaseous ligand from the
ligand binding site—heme, to protein moiety- in gas sensory heme proteins, we applied UVRR
spectroscopy to myoglobin as a model. UVRR spectroscopy is known as an excellent tool for
monitoring protein conformational changes. First of all, we determined the changes of conformation
in globin that occur upon binding of CO, NO, or O, to heme. Specifically, NO induces spectral
changes in Trp residues of A-helix that are significantly different from those induced by O3 or CO
bin&ing. On the other hand, binding of O, to heme produces spectral changes in the Tyr residues of
H-helix that are different from those induced by CO or NO binding. The UVRR results demonstrate
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that the heme discriminates among different ligands by driving corresponding conformational changes
in the globin matrix. In order to explore the signaling pathway through His93 covalent bond, and 6- or
7-propionate hydrogen bonding network, we extended measurements to mutant- and heme-modified
Mbs in a similar way to native Mb, and investigated how they are responsible for transmitting
structural changes from ligand binding site--heme to globin for different ligands. The experimental
results demonstrate that the cleavage of Fe-His93 covalent bond eliminates communication to the
C-terminal of the H-helix and that 7-propionate hydrogen—bondihg network is essential for
transmitting the CO or NO binding signal to the N- and C-termini. Finally, 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.

Furthermore, pathway of vibrational energy dissipation from the heme to
surrounding protein matrix and solvent following CO photolysis in the. fast time
component (< 10 ps) was investigated by using picosecond time-resolved anti-Stokes
Raman spectroscopy. The modified- and mutant Mbs, in which the 6- or 7-propionate is
selectively replaced by a methyl group or related hydrogen bonds is eliminated by
mutagenesis was used as model systems. The time constants of population decay of
vibrationally excited states for two modified Mbs became significantly larger compared
with those of native Mb. However the ‘corresponding values of mutants are not different
from those of the native Mb. This work indicates that the two heme-propionate side
chains are highly involved in the energy transfer from the heme to solvent through the
collision with surrounding water molecules and contribute equally. But the hydrogen
bonding interactions with protein matrix seem to contribute scarcely to this fast energy
transfer process. This is the first experimental data estimating the contribution of
individual heme-propionate side chains to the vibrational energy transfer from the heme

to the surroundings.
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B, AT OEENWIALBHEORE ST O AHICETEHHDT, &
XTENMTBD., 4ENSHKDIBDTHS, F2EIL., U RHERICKDE
BB EHENAKE S O THRNHER, % 3EIT CO MBI LTI+
— BN M BY O F A= AKB ST U THNEHD T, INESNERE
LTOEEHDTHD, 82, EIEZONFIIBCHEOMZRICHERINTSED,
HNDRTNEETELM N TS,

BIEEINLABAELW —HOERHEOERIAT, AMEOMEDTEL
T, IBALAEREOH TRIEERTFHRITICE > TR SNEH AT
—ALEHED. 020 NO. CO ED2EFHTFERENT. FOBRHOIEHZE
ASMMICE L TEBERZEAHT AN XL ZEHAT 2EN, HEANLEH
BICETAHB I ARSI FOEFETF—ID1IDTHD., TOEFIHTFEL
TIF T OV E2BIEOHEDRRSNT NS,

BRIV FERCI2EQOBELLERINKLB ST O THRET S D
DT, BEHDOEARHRENT I/ BEBROEREH L ZANLACLEIATOE D
BRREEDALTND, TORKREILI. Biol. Chem KCREEATHD. A%
{2 02, NO. BWd CO WREGLEZEZY NI IEEETHEHELT. 1D A
LFEEERAFF 2 (His93). 2) NAD 6L 7O A BE(6-Prop). 3) NADT
7O S D HE(T-Prop) D 3O ZIKEL. (). (2. Q)0 ENMBMEHNZNE
He&«ABLT. YN FESICIIBELRLEZRALKRITVART BIVT
AN, RATATHFOUH Y REEICL > TELZDIE Trp7. Trpld.
Tyrl51 @ 3BE T, TOELDHHIL 0z NO. CO TESTWz, COBEED
BE&. Trp7 23 T-Prop & Ser82 L D/KFEMEZBL TELL. Tyrl5l i His93
ZELUTET HZE., 6-Prop lTF S LABNE, 0z & CO THL Tyrlsl OELNE
720, NO Tid Trpld & Trp7 DWABZELL. CO DEE ETHEHAICHE
EMHLNTRo T, '

5 3 ElL CO BB S B/-MIC—EIRICR> ImANLDBH, HIBEALDER
BB ESENMRT > F A N—T ARES T AN THRALZ DT, BEDRE
Wy lviD2DDSI N RIZEBL, #E2ETHWER ZHANZ, FED
MZA L Chem. Phys. Lett. [CHEE R8> T 5. vy DEEFIEFRE I 6-Prop. 7-Prop
DNTNEROBRNTERTI T TOBDEIVRULIITEL Roz, ZHEA
LDEBIRNF—NTOEF D BEZE > TEBEREITENS EVWIRAD Y
Ral—2alHERREXRTOERBRE TH . —FHve DEFIRERIL 1.3
—1.5ps TTOEA VBREBREDHRERI AN 072, T OBHEFEEIZIANLND
REI TR F—BEIEOBREREZEDL TWS EHBEIN. NLABOEFHN IO
EFVBEDOBRETESRNEEDUDENEG> Tk, TOEF VEBELER
EDKEHEEDRE FHFE7I /BEEDI 2—5—3 3 >) i 6-Prop. 7T-Prop
WINS TR F—BICEEE2EZ o7z,

BAET 2ROFEEDONEINTVS, ,

ZOERIZ, AWXIEI AT OE O FIREIOBEIEMN S 45 FREZEOEREAIER
ZHEHUELVRIVOBENHERRER TR, BRI ELTERTHSZ
ERERBOERN—H L.
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