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W, Oxygenation curves for myoglobin and hemoglobin. The average number of
oxygen molecules bound per protein molecule, 7, is plotted vs. the partial pressure )
of Op. For hemoglobin the oxygenation curve is given at three different partial
pressures of carbon dioxide
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= Catalytic cycle of cytochrome P-450 and the postulated partial structures of the intermediates.
The dianionic porphyrin macrocycle is abbreviated as a parallelogram with nitrogens at the corners,
in this and subsequent figures. Oxy-P-450 (4) is shown as a complex of ferric porphyrin and
superoxide anion, but could also be described as an adduct of neutral dioxygen and ferrous
porphyrin. States § and 7 are hypothetical intermediates whose structures have not been established.
Structures /, 2, and 7 are neutral (the dot and the positive charge on 7 indicate the radical state and
clectron deficiency of the = electron system of the porphyrin ring), while the overall charge on
structures 3, 4, and 5 is minus one and on structure 6 is minus two. Adapted from Ref, [22]
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REgER!. Catalytic cycle of chloroperoxidase and the postulated structures of intermediates. The

structures of the intermediates in the peroxidase (2 —7 =38 — 2) and catalase (27—~ 2) modes
have been partially characterized. The structure of intermediate 9 in the halogenation mode
(2 =7 = 9 = 2) is hypothetical. Structures 2 and 7 are neutral (the dot and the positive charge pn-7
indicate the radical state and electron deficiency of the = clectron system of the porphyrin ring), while
the overall charge on structures 8 and 9 is minus one. Adapted (rom Ref. [22] 2
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Cytochrome b 3.03 223 193
Catalase. N3 280 218 174 .°

(253 22 1.85)
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Figure 4. Resonance Raman spectra of axy- and deoxyhemoglo-
bin in the a=J (X¢ 5145 A) and Soret (Ao 4519 A) scactering ra-
gioos. The solutions were 0.68 and 0.34 mA{ in hema for oxy- and
deoxyhsmogiobin, respectively, and the latter contained 0.4 M
(NFL)2SO,, the »(S0,7~) band (981 cm~ 1) of which is indicated.
Frequency shifts for correspanding bands are marked by the ar-
rows (from ref17).
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Figure 3. Correlation diagram for resonance Raman bands of & {obin and cy e ¢. Spin and oxidation states of the various
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o the coserved ralative
and a¢ 4579 A for palari
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e AT etn

text {or discussion of the axyhemoglabin oxidati
intansities a¢ 3143 A excitation (365 A far FM

zed (Q) bands. Suggested dssignments (approxima
tg. The bands marked PPIX (pratoparphyrin) and VINYL are abserved fac

state. The lengths of the solid lines are roughly propartional

) lor anomalgualy polarized (A) and depolarized (Q) bands.
ta) ta vanous heme internal coardinates are indicated ac the
hemoglobin derivatives only (from ref 17).
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Table [ Protein and Analogue CO Adduct Vibrational Frequenge

N ETIY

(cm™) . :‘

species »(C-0) »(Fe—C) y(Fm -

T~ ——— T

Mb neutral pH 1947 507 5425 T -
Mb low pH . . 1967 488 0 s
FeSP-15 (N-Mclm)* 1945 506 i‘;?,‘ ‘
FePPDME (ImH)* 1960 495 !

: o
i ted from the bbserved »(C-O) by using eq 1. *This wory
ud%zulccuh:nzn and Appldby (1979). “Heme with Miermediaie leng
- trap”, N-methylimidazdle complex in benzene/methylene ch%a,‘.. .

L e el 1983). “Yu ke al. (1983). “Tron(ll) Protoporphyria d. 4

( uhcl c:.r.‘cr imidazole complex in methylene chloride (Evangelistg. =

nl(‘xc:k\{p et 3.1; 1986). /Evangelista-Kirkup et al. (1986). H
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FIGURE |: RR spectra with 413.1-am Kr* laser excitation of MbCO
(I mM) at the indicated pH values. The last panel is of a sample
made with *CO. Sperm whale Mb (Sigma) was dissolved in deacrated
0.1 M acetate buffer at the desired PH. ceatrifuged, deoxygenated
for 30 min by stirring beneath an Ar stream, reduced with sodium
dithionite (4-fold excess), and equilibrated by stirring under a stream

of CO for 15'min. [BCO was admitted to a vessel containing the
reduced sofution (free volume ~100 mL), which was stirred for 15
min.] Spectra were obtained in backscattering from spinning NMR
tubes with a Spex 1401 double monochromator equipped with 2 cocled

an-counting electronics.
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i §. Partion of the Raman spectrum of carbonmanoxyhemo-
:.(-c‘!:?n"l I3T7.em~! peak), showing reversible photodissociation to
deoxyhemaglobin (1238-cm ~* peak). The sample, 0.65 mM CQHb
with sodium dichionite added. was placed under argon and run in
a (3esled) rotating cell, ac ~2000 rpm. The changing peak heighes
correapond to changing ratios of COHb and deo_xyi-_{b at the indi-
cated pawer levels (measured ¢ the sample) of 4579-A Ar= laser
radiation. The soectra were recorded in ocder - decreasing pawer
levels, snd the absorption spectrum of the solution at the m_d ol
the experiment corresponded to that of pure COHb, Photadisso-

ciation is less pronounced with longer wavelength excitation ({rom
el LT),
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413.1-nm excited RR spectrum of Fe!'PPIXDME in DMSO
(top) to which the indicated molar ratios of benzenemethanethiolate ion
(preparcd by NaH reaction with RSH) were added (middle and bottom).
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Table I.

Grawth of »y and
reflect thiolate ad

duct formation. A
in, due to decreased solution absorbance
Dzt acquisition: 0.5-cm™ intervals; 3

Resonance~Enhanced Metal-Ligand and Ligand Vibrational Modes in Metalloprota%ga_

-3 accumulation.

st

»4 Bands at the same frequencies seen for Fel P50
DMSO band (asterisk) also grows
(shifted electronic spectrum).

Type of Binding

v(M-L) ' v(Ligand) DI . Example s : 3

. * " - c
—@—0--~Fe (575) 803, 369, 1164, Purple acid phoaphata__ﬂe pilic

. 1281, 1497, 1597 . . .Y % s sy

| g v tal PRI Pl
u-u’/§°N--3Cu 245 1140, 1168, 1256, - ~. P 2Cu(taR)c1,® T
- \— J . 1330, 1426, 1490 ° " s mEh a0 oy

' . 225, 265 - a.a. c { Oxyhemocyanin" ;o

. . A S - s I R g

HO:«+Fe i 565 - B N . ;,H_eth.emgryt?‘trin(OH) R :;_ i
' : - 2% oo . RO TR SRL S R e
- e N S g - oty T R S e i e f_gf_-:;i:‘{.
_0-+<Fe : 338 562 4 S 320(.“)2(“3”3)2 PR
=G - = : 3 il £ % d
NQg..-Fe n.o. . (530) - ‘ 'y Methemerythrind - 3 b
RN chepoy i e are
~CHy-S-+-Fe 314, 348, 363, 376 653 . 1Y ZRubrédoxta” * s
b s RS S
~CHy-S---Cu (373, 401, 409, 428) 753 . = [ Azurin® Ly

thbr:ucional frequencies in cm !,

1.0. = not obaerved.

Values {n parenthisas are tentative assignments.
€(18). 4(15). e(14).

(7). 9¢18). Aqu9). *(20). i

4 4 i ST L - g TN d-n :
V(4-L) = metal-ligand stretching mode, V(1igand) {nternal ligand mode,
( bCoupled v(Cu-S) + G(an) modes.




Flgure 4. Structures of biauclear matal clusters. (al Zron— His
dyscrita; enotes Hi ;
oxo cluater in oxyhemarythrin from Themiste is i
a coocrdinated hydroperoxide (27). {b) Lroa—sulfur cluster {n \\Jn,/ Cys Gys
oxidizad farredoxin from Spirulfna platensis (28). S:n;r:? ‘ 0/,[ S \\? J
lon. i o
1igaads can be axchanged with appropriate speclas in solutlion c/ ! \C ”/ @
S g*
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A e 7
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Pigure 3. Resonanca Raman spectrum of purple acid phosphatase.
Protein (5 mH) maintained at 5°C in a glass Dewar and: probed
with 514.5 nm excitatfon (within the 560 um phenclate + Fa(IIL)
CT band, ¢ = 4,000 ¥l exr¥), The broad, underlying feature
from 400550 cm~! 1z due to Raman scatterfaog from glass.
(Reproduced from Ref. l14. Capyright 1987 American Chemical

Sociéty.)
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Figure 9,
Resonance Raman spectrum of the 2Fe—25-4Cys cluscter

ln ax -

IS & iﬁl;ﬁzeifign;T farredoxin. Proteta (~2 mM) mafatafnad at

Spectral contr(d i:plax and probed with 488.0 nm axcitation.

subtracted. (D ution of lce {n 220-~320 cm-! region has baen
;racted.  (Daca from Ref. 21). Starred features ind{cata




