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Introduction

Nickel octaethylporphyrin (NIOEP) has played a key role in
the characterization of heme proteins by resonance Raman (RR)
spectroscopy.  Like all physiological porphyrins, OEP has carbon
substituents at the eight pyrrole positions, and it retains the 4-fold
symmetry of the porphyrin skeleton (neglecting questions of ethyl
orientation), so that symmetry considerations can be brought fully
to bear on the vibrational analysis. | Kitagawa and co-workers’

carried ouf'an important base-line study of NiOEP using "N and
meso-d, isotope shift data to assngn most of the in-plane skeletal
modes of the porphyrin ring in a consistent fashion, and they
carried out a normal-coordinate calculation with a modified

Urey-Bradley force field) They assumed that the ethyl substit-

ETD

uents were isolated from the porphyrin electronic system and did
not contribute directly to the RR spectra; the substituents were
in fact treated as point masses. While this was a reasonable
starting approximation, there have since been indications that it
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V . and K, of various hemoglobins
Fe—-His 1

' o a) b)
‘Name /Conditions Voo His Kl

Hb A/pH 7.0, +IHP . 214.5 138

Hb J Capetown/pH 7.0, +IHP 214.5 58

Hb Chesapeake/pH 7.0, +IHP 214 37.1
Hb Yakima/pH 7.0, +IHP 216 26.9
Hb Kempsey/pH 7.0, +IHP 217 17.1
Hb Hirose/pH 7.0, +IHP 218 11.5
Hb A/pH 8.5, -Cl1™ 218 - 5.0
Hb Chesapeake/pH 8.5, +Cl™ 220 1.21
Hb J Capetown/pH 8.5, -Cl1~ 220 1.0
Hb Chesapeake/pH 8.5, -Cl1~ 222 0.60
o chain 223 | 0.6
B chain 224 0.34

a) cm L b) mmHg
+IHP, 1 mM IHP, +Cl , 0.1
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The mechanism of proton pumping by cytochrome ¢ oxidas

HARTMUT MICHEL
Max-Planck-Institut fiir Biophysik, Heinrich-Hoffmann Strasse 7, D-60528 Frankfurt am Main, Germany

) H M|Che|(9//\7£ I:IEIEI S isingly, Ki d kers (12,13) d d
urprisingly, Kitagawa and coworkers (12, emonstrate
@Xﬁ:i’ % ﬁfl: *ﬁ @*‘E@Z that in the P-states (see Fig. 1) the O—O-bond is already
J= broken and have suggested the P-states to be a hydrogen-
1988 Ml / —/\ )[/1 t% =] x bonded oxoferryl form. This suggestion raises the question
- whether water has been already formed during the transition
E ) 0) ‘fb\\ ;R ‘ - :E, g | Fﬁ é}h,'—c to the P-state. If yes, all proton pump mechanisms, which use
incoming protons needed for water formation to electrostat-
L \ é ically repel protons taken up during reduction of the binuclear
site, are in jeopardy because proton pumping is expected to
occur only beyond the P-state.
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Direct Observation of Cooling of Heme Upon
Photodissociation of Carbonmonoxy Myoglobin

Yasuhisa Mizutani and Teizo Kitagawa*

L I » H
E E E j ~ b — The formation of vibrationally excited heme upon photodissociation of carbonmonoxy
i 1 myoglobin and its subsequent vibrational energy relaxation was monitored by picosec-

ond anti-Stokes resonance Raman spectroscopy. The anti-Stokes intensity of the v,

sﬁ T &) T band showed immediate generation of vibrationally excited hemes and biphasic decay
of the excited populations. The best fit to double exponentials gave time constants of
1 A E % E I— —I 1.9 * 0.6 and 16 * 9 picoseconds for vibrational population decay and 3.0 + 1.0 and

25 = 14 picoseconds for temperature relaxation of the photolyzed heme when a Boltz-
mann distribution was assumed. The decay of the v, anti-Stokes intensity was accom-

A /\ panied by narrowing and frequency upshift of the Stokes counterpart. This direct mon-
— / itoring of the cooling dynamics of the heme cofactor within the globin matrix allows the

characterization of the vibrational energy flow through the protein moiety and to the water

Ea# H#Fa‘ﬁ"ﬁ’q’:, |7
— Sclence, 278, 443 (1997)
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Rise Time Difference between Anti-Stokes v, and v,
Raman Bands of Ni(OEP)
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Vibrational Energy Redistribution
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Two State Model (MWC Model)

Two State Model
Monod, Wyman, Changeux; J. Mol. Biol. 12, 88 (1965)

2 13 4
X= Kl [02] o 3K]_K2 [02] + 3K1K2K3 [02] o K]_K2K3K4 [02]

saturation

Hb A

1 + 3K, [0,] + 3KK, [02]2 + K KKy [02]3

T state (tensec_i) R State (relax;ed)_
e Xr, 3r r &
Ty + 0y==T, R, + O,==R, |°’ Y .
Tl + 02=T‘.2 R1 + 02: 2 F
T, + 0,=T, R, + O,==
T, + 0,==T, Ry + O,=R,
. 41 4_i
(T3] = @nr 2] %y
T.] R Kn 4 .
i 0 g, i
= -—(—-) = I,-C
RT T &
3 3
X- Kp[0,] L+ (1 + K;[0,1) 7 + Ko [0,] (1 + K5 [0,])

L-(1+KI.[02])3+ (1+KR[02])3 -3 5 ; , 2 P3
logP 0o
KT ) KR 5 L U ébzs K. Imai, "Allosteric%ffec?ts

in Hemoglobin" (1982)

Y = X/(1 - X) = [O,-f& & &)/[IEHEEE]
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UVRR Spectra of Native Hb A excited at 235 nm
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UVRR Spectral Contribution from Selected Single Residues
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Fe-His Stretching Band of the o and 3 Subunits
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