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ABSTRACT. The monomer-dimer equilibrium and the oxygen binding properties of ferrous recombinant
Vitreoscillahemoglobin VitreoscillaHb) have been investigated. Sedimentation equilibrium data indicate
that the ferrous deoxygenated and carbonylated derivatives display low values of equilibrium dimerization
constants, 6< 10? and 1x 10 M~1, respectively, at pH 7.0 and PC. The behavior of the oxygenated
species, as measured in sedimentation velocity experiments, is superimposable to that of the carbonylated
derivative. The kinetics of ©@combination, measured by laser photolysis at pH 7.0 and@Qis
characterized by a second-order rate constantofl®® M~! s~ whereas the kinetics of Qelease at pH

7.0 is biphasic between 10 and 4Q, becoming essentially monophasic below °ID Values of the
first-order rate constants (at 2€) and of the activation energies for the fast and slow phases of the
VitreoscillaHb deoxygenation process are 4.2 and 19.2 kcal moi* and 0.15 s! and 24.8 kcal mott,
respectively. Thus the biphasic kinetics\dgitreoscilla Hb deoxygenation is unrelated to the association
state of the protein. The observed biphasic oxygen release may be accounted for by the presence of two
different conformers in thermal equilibrium within the monomer. The two conformers may be assigned
to a structure in which the hemdéron-bound ligand is stabilized by direct hydrogen bonding to TyrB10

and a structure in which such interaction is absent. The slow interconversion between the two conformers
may reflect a very large conformational rearrangement in the disordered distal pocket segment connecting
helices C and E.

Bacterial hemoglobins (Hbsjepresent a new frontier in  duces a local increase of oxygen concentration that could
the study of hemoproteins due to their widespread occurrenceincrease the activity of terminal oxidasek2(13). Under
among diverse species as well as to their multiple and/or oxygen-limiting conditions, the increased activity of terminal
still unexplained functions 1-3). From the structural  oxidases is reflected in higher cell density and faster growth
viewpoint, three different types of bacterial Hbs have been whenVitreoscillaHb is coexpressed in heterologous bacteria.
identified: classical eight-helix Hbs, truncated two-over-two Alternatively, Vitreoscilla Hb may act itself as a terminal
o-helical sandwich Hbs, and flavoHbg, 4—7). oxidase 14). Interestingly, a FAD-containing reductase

The first bacterial Hb was isolated from the obligate aerobe domain copurifies withVitreoscillaHb and has been shown
Vitreoscilla sp, a species that uses oxygen as the sole to be able to transfer electron(s) to the hemoprotéB). (
electron acceptor in oxygen-poor environme@s11) and Hence, the noncovalent assembly\dgfreoscilla Hb with
has been shown to possess the classical eight-helix Hb foldthe FAD-containing reductase domain could yield a flavohe-
(5, 6). The functional role olitreoscillaHb was initially ~ moglobin (flavoHb) whose function may be related to that
proposed to be that of myoglobins (Mbs) in that its of single-chain flavoHbs4—6, 16). In this framework, the
expression, enhanced in microaerophilic environments, in- noncovalenwitreoscilla Hb/FAD-containing reductase do-
main complex might be involved in NO dioxygenase activity,

T This work was supported by grants from the Ministry of University, as recently proposed for genuine flavoHAS{22).

Scientific Research and Technology of Italy (MURST) and from the L .
National Research Council of Italy (CNR, target oriented project ~ Although all the hypotheses on the functioning \éit-

Biotecnologie to P.A.). reoscillaHb are related to @reactivity, the only report on
442&;3&6550”@"”9 %UtQOYBTf?gC*‘%OGJF‘l‘Qt“OM& Fax: 3906+ the ligand binding properties of the ferrous recombinant
. E-mall: alperto.pofrm@uniromadl.It. . . .
# These authors contributed equally to this work. bacterl_al Ht_) c_once_rns_the characterlzatlo_n (_)f the carbon
§ Universitadi Roma La Sapienza. monoxide binding kinetics2@), the oxygen binding proper-
" UniversitaRoma Tre. ties being virtually unexploretiin contrast, cyanide, azide,

Y Universitadi Genova. . . o . :
1 Abbreviations: Hb, hemoglobin; flavoHb, flavohemoglobin; legHb, thiocyanate, and imidazole binding to ferkf@reoscillaHb

leghemoglobin; Mb, myoglobinyitreoscilla Hb, Vitreoscilla hemo- has been investigated in detail by both thermodynamic and
globin; DTT, dithiothreitol; PMSF, phenylmethanesulfonyl fluoride. kinetic viewpoints §). In parallel, the three-dimensional

10.1021/bi0101143 CCC: $20.00 © 2001 American Chemical Society
Published on Web 07/07/2001



9312 Biochemistry, Vol. 40, No. 31, 2001

structures of the ligand-free pentacoordinated fekfit
reoscilla Hb and of its azide, thiocyanate, and imidazole
derivatives have been solved at atomic resolut®rey.
Inspection of the three-dimensional structures of ferric
liganded and unligandéeditreoscillaHb derivatives shows

Giangiacomo et al.

equilibrium is an oxygen-linked process. These results have
been analyzed in the light of the available three-dimensional
structures of the ferric derivatives,(6) and in parallel with
those of related oligomeric Hb systems.

that the heme distal site is very different from that charac- MATERIALS AND METHODS

teristic of (non)vertebrate Hbs, being filled by residues
PheCD1, ProE8, GInE7, and LeuE13, 6). Interestingly,

the polypeptide segment connecting helices C and E is

disordered, and residues GINnEA&IaE10 do not adopt the

usualo-helical conformation, thus locating the heme distal .

residue GInE7 out of the heme pocket. Azide, imidazole,

and thiocyanate binding to the heme iron introduces sub-
stantial structural perturbations in the heme distal site residue
TyrB10 and ProE8. In particular, residue ProE8 moves away
from the heme and triggers the opening of the distal site

cavity with the concomitant displacement of the GIrE7

S

Vitreoscilla Hb Expression and PurificatioRecombinant
VitreoscillaHb was expressed iBscherichia colias previ-
ously reported ). However, purification of recombinant
ferric VitreoscillaHb was carried out with a new procedure
in which ammonium sulfate precipitation was avoided. In
fact, extensive heme loss, low protein recovery, and Cys
oxidation (i.e., loss of titrability by-chloromercuribenzoate)
were observed after precipitation with 40%, accurately
buffered (pH= 7.0) ammonium sulfate.

After sonication, the crude bacterial extract (suspended

AlaE10 region. Thus, azide, imidazole, and thiocyanate find in 2.5 x 107 M Tris-HCI buffer, pH 7.5, 1.0x 10° M

sufficient room for binding, TyrB10 providing the stabiliza-
tion of the heme-iron-bound ligand§, 6). Notably, heme-

EDTA, 2.0 x 10 M DTT, and 1.0x 104 M PMSF) was
loaded directly onto a DEAE-52 cellulose column and eluted

iron-bound azide and thiocyanate are stabilized by a waterWith a NaCl gradient from 2.5¢ 10 to 4.0 x 107! M.

molecule bridging the ligand and the TyrB10 residue. By

The reddish fraction eluted at 1:5610-1 M NaCl. Fractions

contrast, the phenolic hydroxyl of TyrB10 appears to stabilize With an absorbance ratio 416/280 nm higher than 1 were

the iron-bound imidazole by direct hydrogen bonding.

The quaternary assembly of the ligand-free pentacoordi-

nated ferricVitreoscillaHb and of its azide, thiocyanate, and

imidazole derivatives is unique among the (non)vertebrate

globin family (5, 6, 24, 25). In fact, VitreoscillaHb is dimeric
within the crystalline lattice and is characterized by a very
small intersubunit contact area (about 43%) Built by the

F and H helices of opposing subunits. The interface area

buried by the twoVitreoscilla Hb subunits involves es-
sentially van der Waals contacts between two juxtapose

hydrophobic patches. No salt bridges are present, and ant=ox1 _ >
y pure as judged by gel electrophoresis, performed under

intersubunit hydrogen bonds are actually mediated b
interfacial water molecules5( 6). Comparison of the

intersubunit surfaces from a variety of homodimeric Hbs
indicates that the interface region differs widely among

different species. In turn, the extension of the subunit contact

pooled, dialyzed against bidistilled water containing .0
103M EDTA and 1.0x 103 M DTT (pH was adjusted to
7.5 by addition of sodium bicarbonate), and loaded on a
Microceramic hydroxylapatite column (Bio-Rad) equilibrated
with the same solution. A sodium phosphate gradient (from
0 to 5.0 x 102 M, pH 7.0) was applied and the protein
eluted at a buffer concentration of about 1x5102 M.
Fractions with an absorbance ratio 416/280 nm higher than
2 were pooled, loaded on a MonoQ FPLC column (Phar-

gmacia), and eluted with a NaCl gradient from QL0 to

0! M. FerrousVitreoscillaHb was higher than 98%

denaturing and nondenaturing conditions, N-terminal amino
acid sequence determination, and mass spectroscopy. All
purification steps were carried out at’@.

Sedimentation Equilibria of Vitreoscilla HSedimentation

area is generally correlated to the stability of the homodimer equilibria were performed on the deoxygenated and carbo-
in solution. As an example, the homodimeric cooperative nylated derivatives of ferrougitreoscillaHb at pH 7.0 (1.0

Hb from Scapharca inaequalvis displays a large water-
excluded surface between the two subunits (about 2390 A
whereas in ferrous deoxygenatBeétromyzon marinusib
the subunit interface is definitely smaller (486)A24, 26).

As a result,ScapharcaHb is a stable dimer in solution in
both the ligated and unligated state wherBasnarinusHb
displays an oxygen-linked monomettimer equilibrium such

x 1071 M phosphate buffer containing 2:0102 M sodium
dithionite) and 4.0 and 10.0C. Ultracentrifuge runs were
performed at 30 000 or 40 000 rpm using a Beckman XL-A
analytical ultracentrifuge equipped with absorbance optics
and an An60-Ti rotor. Data were collected at a spacing of
1.0 x 1072 cm with 10 averages in a step scan mode every
3 h. Equilibrium conditions were checked by comparing

that under physiological conditions the deoxygenated speciesscans up to 24 h. Data sets were fitted with NONLIN (PC

dimerizes K12 is about 1 x 10* M~1) and the liganded
species is monomeri6).

The present study reports the monoméimer equilibrium
and the oxygen binding properties of ferratifreoscillaHb
in order to establish whether the associatidissociation

2To clear up ambiguities, it must be pointed out that recombinant
Vitreoscilla Hb is a different protein with respect to the so-called
“cytochrome 0”, a soluble hemoprotein obtained froiitreoscilla

version provided by E. Braswell, National Analytical Ultra-
centrifugation Center, Storrs, CNitreoscillaHb concentra-
tion varied between 3.5 107 and 1.6x 10* M. As a
control of the state of ligation, the absorbance spectra of all
protein samples were measured in the ultracentrifuge cells
before and after each run. For fitting to the monomgimer
equilibrium, the molecular mass of monomeviitreoscilla

Hb was fixed to the value obtained from the amino acid
sequence (15 775 kD&7). The oxygenated derivative of

species. In particular, the molecular mass of the monomeric speciesVitreoscillaHb was observed to autoxidize even at 4Q@)

(13 000 Da in cytochrome versus 17 000 Da iWitreoscillaHb) and
the amino acid composition diffel8¢11, 26). Thus, we feel that
comparison with literature data referring to cytochroon@—11) must
take these differences into account.

during the time needed to perform the sedimentation equi-
librium measurement (4856 h). Thus, sedimentation veloc-
ity experiments were carried out on the oxygenatéd
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reoscillaHb derivative in parallel with either the deoxygenated 1,5 T T T T T

or carbonylated species. In these experiments, data were | A i
collected at 40 000 rpm, the monochromator was set at 412

or 540 nm, depending on protein concentration (fromx.0 1| -
105to 2.0x 104 M). Free cysteine titrability was checked _

by PMB titrations at the end of the ultracentrifuge runs after 2 i ’
removal of DTT or dithionite by gel filtration on a G-25 ‘3' 05 | .
column. The control of the oxidation state of the sulfydryl £

groups is essential in order to establish that the association ‘g i i
state is not dependent on a disulfide-linked dimer. In fact, 8 0 ) 1 . L ;
previous purification procedures carried out in the absence < 0,02

of DTT resulted in the formation of variable amounts of 0,01

disulfide-linked dimers, which however were promptly 0

reversed by dialyzing the protein in the presence of-Q.5 0,01

mM DTT. 002

Oxygen Binding to Vitreoscilla HbThe oxygenation
kinetics of ferrousVitreoscillaHb were measured at pH 7.0
(1.0 x 10°* M phosphate buffer) in the presence of &0

103 M EDTA and 1.0x 10 M DTT and at 20.0°C by 1,5

laser photolysis. The measurements have been carried out

using as an optical pump the second harmonic from a Quanta

System Nd:YAG laserl(= 532 nm, frequency of 2 Hz with 1

a pulse width of 5 ns and pulse energy of approximately 80 .

mJ). This laser pulse flashes the sample in a tonometer with 2

a quartz cell of 1 cm length orthogonally to the optical probe E 0.5

due to a small intensity (25 W) UVvisible source focused £

onto a monochromator SPEX 1681. Single-wavelength ‘-2

measurements have been acquired using as detector a é 0

Hamamatsu R1398 photomultiplier tube. The time courses 0,02

have been averaged and recorded using a Tektronix TDS 0,01

360 digital oscilloscope. The time courses (average of 50 0

traces) ofvitreoscillaHb oxygenation were followed at 412 0,01 "

and 432 nm as a function of ;Qconcentration (ranging .0,02 L 1 i L L
between 2.2x 10° and 1.4 x 103 M) at a protein 24 24,5 25 25,5
concentration of 1.x 105 M. P12 (cm?)

Oxygen dissociation kinetics were obtained by mixing F 1: Sedimentation equilibria of deoxygenated (panel A) and
; ; ; 3 IGURE 1:
oxygenateditreoscilla Hb in the presence of 1.8 107 carbonylated (panel BYitreoscilla Hb. Data were obtained at

M EDTA and 1.0x 10°° M DTT with sodium dithionite 30 oo "0, 0) and 40 0006, W) rpm at protein concentrations of
solutions (2.0x 102 to 1.0 x 10! M). Observation 35x 105M (O, ®) and 1x 10 M (OJ, W) in 0.1 M phospate
wavelengths were 416 and 434 nm. Experiments were carriedouffer at pH 7.0 containing k 10*M EDTA and 1x 103 M
out with an Applied Photophysics rapid-mixing stopped-flow DTT at 10°C. The analysis of the data in terms of monomer

imer equilibrium yielded values d€; , of 6 £ 1 x 1 M~ and
apparatus (Leatherhead) between pH 6.0 and 9.0 and betwee% n 0'2 < 10 l\}ll—l for the deoxlyzgenated ;nd carbonylated

5.0 and 40.0°C. Vitreoscilla Hb concentration ranged derivatives, respectively. The error distributions are also shown.
between 2.0x 10° and 4.0x 10°5 M. Absorption spectra

as a function of time (time resolution 0.125 s) were also  The association state of the oxygenated derivative of

measured in the same stopped-flow apparatus, at pH 7.0 and/itreoscilla Hb could not be measured in equilibrium

20.0°C, by means of a diode array device. The following experiments due to the relatively fast autoxidation rége (

buffer systems (all 2.5 10! M) were used: Bis-Tris-HCI of about 16 h), even in the presence of ¥.A0 3 M DTT.

(pH 6.0), phosphate (pH 7.0), and Tris-/HCI (pH 8.0 and Therefore, sedimentation velocity measurements were per-

8.7). formed on the oxygenated derivative\itreoscillaHb, the

RESULTS ferric Hb species being less than 10% at the end of the run.

The s, Value for the oxygenated and carbonylated deriva-

Sedimentation Equilibria of Vitreoscilla HSedimentation  tives ofVitreoscillaHb corresponded to 1# 0.2 at pH 7.0

equilibria of deoxygenated and carbonylatétteoscillaHb and between 10 and 2fC, indicating that both ligated

are shown in Figure 1. The data analysis (see Materials andferrous Hb derivatives are monomeric.

Methods) allowed the determination of the monoméimer Oxygen Binding Properties of Vitreoscilla Hb. Vitreoscilla

equilibrium association constanKy,) values [(6+ 1) x Hb oxygenation kinetics are shown in Figure 2.rébinding

1® M~1and (1% 0.6) x 10> M~ for the deoxygenated and  after photolysis was characterized by a second-order process,

carbonylated derivatives, respectively], at pH 7.0 andQ.0 the value ofk,, being (2.0£ 0.3) x 1 Mt s, The

A slight increase in the values &f , was observed at 2C observed rate constant and the relative amplitude of the

(about 9x 1* M~ and 2.5x 10 M~ for the deoxygenated  oxygenation process were independent of protein concentra-

and carbonylated derivatives, respectively). tion in the range 4.0x 10°® and 1.0x 10* M, under
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typically yielded at least 10% of photolysis. In the fastest
kinetic records (s time scale), an early relaxation process
was observed, ending within-3 us. This fast component
was independent of Oconcentration, possibly reflecting
geminate rebinding.

The time course of oxygen dissociation frafitreoscilla
Hb, as measured by rapid-mixing stopped-flow experiments,
was biphasic and pH independent between pH 6.0 and 8.7
at 20°C (see Figure 3, panel A). Values of the observed
oxygen dissociation rate constants for the fast and slow
phases (4.2- 0.2 s* and 0.15+ 0.04 s!, respectively, at
0 200 400 pH 7.0 and 20°C) were independent of the observation

Time (us) wavelength between 350 and 470 nm. Both the rate constant

and the relative amplitude of the two phases were indepen-
dent of protein concentration betweenx410 ¢ and 2 x
B ] 10* M. Both processes reflect oxygen release frvfitr
reoscilla Hb as indicated by the time dependence of the
absorption difference spectrum (oxygenated Hb minus
deoxygenated Hb). In fact, the difference spectra referring
to both fast and slow phases are typical of Hb and Mb
deoxygenation processes. Notably, only two spectroscopi-
20000 | 1 cally distinct species were detected (i.e., oxygenated and
deoxygenated/itreoscilla Hb) (Figure 3, panel B).

0 ‘ . : The observed rate constants and the relative amplitudes
0 80 160 240 of the fast and slow oxygen dissociation phases were found
[0,] (1 M) to be strongly dependent on temperature (see Figure 4). In
FIGURE 2: Oxygen combination kinetics dfitreoscillaHb. Oxygen f‘?Ct’ the kinetics of @ release fromV|treo§C|IIa Hb W.as
recombination time courses after 9 ns laser photolysis (panel A). Piphasic b_etween 10 and 4t_£: becoming gssentlally
The time courses were followed at 412 nm ap|[& 2.2 x 10°® monophasic below 18C. In particular, the amplitude of the
M (trace ae) and 2.% 10~* M (trace b). Protein concentration was  fast phase decreased upon a decrease in temperature, whereas
6.7 x 107° M. Experiments were carried out in 0.1 M phosphate the opposite was observed for the slow component (see
buffer at pH 7.0 and 20C. Pseudo-first-order plot for oxygen . . .
combination kinetics (panel B). The observed ratesy( were Figure 4, panel A). The analysis of data in terms of the
obtained by fitting the kinetic records to double exponentials; the Arrhenius equation allowed the estimate of the activation
fast phase was independent of oxygen concentration and is notenergy values for the fast and slow processes (see Figure 4,
reported. Thus, the values ks refer only to the @dependent 56| B The fast phase of thitreoscillaHb deoxygenation
slow phases. . .
process displayed df, value of 19.24 0.4 kcal/mol, typical

conditions where [g] (=1.0 x 107 M) > [Hb] (data not of the activation energy for oxygen dissociation from
shown). Under all experimental conditions, the amount of (non)vertebrate Mbs and Hb27, 28). By contrast, the slow
photolysis was very small, i.e., about 3%, with respect to phase was characterized by an unusually highvalue
control experiments carried out on human adult Hb that (24.8+ 1.2 kcal/mol).
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Ficure 3: Oxygen dissociation kinetics froMitreoscillaHb. Time courses at three different temperatures are reported in panel A. The
observation wavelength was 434 nm. Experiments were performed in phosphate buffer at pH 7.0 (0.25 M) at a protein concentration of
6 x 10°® M. The difference spectra oxygenatednusdeoxygenated/itreoscillaHb are reported in panel B. The spectra were obtained

from a diode array experiment, and the amplitude relative to the fast (a) and the slow (b) phases is reported. The experiment was carried
out at 20°C in phosphate buffer at pH 7.0 (0.25 M) at a protein concentration 0k11D-5 M.
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FiGure 4: Temperature dependence of the oxygen dissociation kineti¢greoscillaHb. The normalized amplitude¥)( of the fast Q)
and slow @) phases are reported as a function of temperature (panel A). The Arrhenius plot relative to th¢ dast (he slow®) phases
of oxygen release kinetics is reported in panel B. The linear fits yielded activation energy values &f Q% Xcal/mol and 24.8 1.2
kcal/mol for the fast and slow phases, respectively. All data were obtained in phosphate buffer at pH 7.0 (0.25 M).

DISCUSSION between 10 and 4€C. At pH 7.0 and 20°C, values ofkq
for the fast and the slow phases of the deoxygenation process

The main target of the present investigation is the were 4.2 st and 0.15 s, respectively.

charcterization of the oxygen binding properties and of the ) : } o
association state of liganded and unliganded ferrgits The simplest way to rationalize the complex kinetic
reoscillaHb derivatives in order to establish whether subunit Pehavior (i.e., the biphasic deoxygenation kinetics) of a
association is oxygen-linked. The data obtained from sedi- Monomeric macromolecule containing a single active site is
mentation equilibrium measurements yielded valuekof 0 consider the existence of two conformers in thermal
for the deoxygenated and carbonylated derivative¥iof equilibrium. This hypothesis is supported by the temperature
reoscillaHb of 6 x 12 M~ and 1x 10? ML, respectively, depen_dence of the oxygen release prqceSBreoscHlaHb,

at 10°C and pH 7.0. The association states of the oxygenated2s indicated by the Arrhenius plot of Figure 4. Interestingly,
Vitreoscilla Hb derivative and of the carbonylated species the activation energyi,) for oxygen release relative to the
are superimposable, as observed in sedimentation velocity@st phase (19.2 kcal/mol) is similar to that observed in
experiments. Although the slight difference between the Vertebrate Mbs and Hb{, 28) while that relative to the
values ofKy » in the ferrous ligated and unligat&fitreoscilla slow process is about 6 kcal/mol higher. The major contribu-
Hb derivatives may suggest ligand-linked association tion to Eain a simple monomolecular oxygen dissociation
dissociation phenomena, the monomeimer equilibrium ~ Process comes from the intrinsic stability of the irdigand

is strongly shifted toward the monomeric species in both Pond, i.e., is directly proportional to thaH® (standard
ligated and unligated derivatives under the experimental €nthalpy of bond formation) value. Thus, the two widely
conditions here considered. Thus, the ligand-linked dissocia- different values ok, for oxygen release ivitreoscilla Hb

tion process is not expected to have functional relevance inMay reflect two different stabilization modes of the heme
vivo. In fact, although no quantitative data are available for ion-bound ligand. Accordingly, the slow Qlissociating

the Vitreoscilla Hb expression levels iwvitreoscilla sp.,, ~ conformer may receive a strong stabilizing contribution (i.e.,
recombinanvitreoscillaHb concentration in vivo (ifE. coli) hydrogen bonding) from an amino acid distal pocket residue
does not exceed 16-10-3 M at the highest expression (namely, TyrB10) whereas in the fast, Qlissociating
levels 9). Hence it can be postulated thétreoscilla Hb conformer this interaction is not present or may be mediated
is predominantly a monomer under in vivo conditions. by a bridging water molecule. Interestingly, the heriren-

The existence of ferrouitreoscillaHb in the monomeric ~ Pound azide and thiocyanate are stabilized by a water
state is consistent with the properties of the subunit interface Mlecule bridging the ligand and the TyrB10 residue. By
observed in the crystal structures of ferric derivatives that is contrast, direct TyrB10 hydrogen bonding to the iron-bound
characterized by a small intersubunit contact area (430 A imidazole has been observed. The presence of two conform-
and appears to be stabilized essentially by pairing two €rs In Vitreoscilla Hb is in _Ilne with recent f_mdmgs by
hydrophobic patches in the opposing suburfiss). Gardner et al.Z0) and Mukz?u et al.22) onE. c_oll_flavoHp. _

Oxygen binding properties ofitreoscillaHb have been Gardner et al. observed a k_|net|c heterogeneity in CO binding
investigated over a protein concentration range in which t0 flavoHb whereas Mukai et al. observed two conformers
dimer formation does not occur in both the oxygenated and In carbonylated flavoHb on the basis of the appearance of
deoxygenated states, on the basis of the ultracentrifugationtwo different CO stretching peaks in the resonance Raman

data.Vitreoscilla Hb oxygenation kinetics is characterized SPectrum. The two conformers have been assigned to a

M-t s, at pH 7.0 and 20C. On the other hand, oxygen by hydrogen bonding to TyrB10 and an “open” conformer
dissociation kinetics fronVitreoscilla Hb is unexpectedly

complex for a monomeric hemoprotein. Notably, deoxygen- s ynder vacuumyitreoscilla Hb does not release @M. Coletta,
ation kinetics was monophasic below 1Q and biphasic  personal communication).
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in which such interaction is abser2d). It should be men-
tioned that the presence of two conformers has been demon-
strated also in the carbonylated derivativeg\etaris suum

Hb andLucina pectinataHbll, which share the TyrB16
GInE7 pair withVitreoscillaHb (30, 31).

A prerequisite for the observed biexponential kinetics in
VitreoscillaHb is that the two conformers do not interconvert
within the time scale of the oxygen release process. At
present, it can be inferred that the slowly interconverting
conformers are separated by an energy barrier that is much |,
higher than simple rotameric rearrangements. It is tempting
to speculate that such slow interconversion is related to local 13.
restructuring (with opening) of the distal pocket, which in
the crystal structure includes a disordered amino acid segment 14-
(the first part of the E helix, up to residue GIUE6) and the

conformationally restricted ProE8 residue.

Last, it is of interest to discuss the present oxygen binding
data in the light of the possible physiological role of

VitreoscillaHb. The oxygen affinity oiVitreoscillaHb, as

estimated by the values of kinetic parameters, yields an

average affinity constant for oxygen binding atZDin the

nanomolar rangé.This estimate, coupled to the relatively

slow rate of oxygen release, indicates tNateoscilla Hb

is not likely to be involved in oxygen transport or storage.
These functions in fact require a prompt release of oxygen
stimulated by metabolic needs under low oxygen partial
pressure (@in the micromolar range) that contrasts with
the measured kinetic and estimated thermodynamic param-
eters inVitreoscilla Hb. At present, the only plausible
function of VitreoscillaHb and other bacterial Hbs may be
related to oxygen activation for an oxygenase-like function
(7, 22). On this basis, the NO dioxygenase activity shown

in E. coliflavoHb may occur also iWitreoscillaHb, through

the cooperating action of an efficient electron donor protein.
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