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The microaerobicbhs-type cytochrome oxidase isolated from FIR e
Pseudomonas stutzésian isoenzyme in the family of cytochrome o
c oxidases (CcO¥PIt contains three-type low-spin hemes, one Ton
low-spinb-type heme, and a hentig—Cug binuclear centet2 The
structural characteristics of the binuclear centechiy is unique
when compared to those ofias-type oxidases; it lacks the Jorssr [
hydroxyethylfarnesyl side chain and the highly conserved among *
the heme-copper oxidases tyrosine 244, both of which have been e ey
proposed to play a crucial role in the prqpertles of the binuclear Figure 1. FTIR spectra of the CO bound form of fully reduced cytochrome
center?2 The complex catalyzes the reduction of molecular oxygen cph, at 293 K. (A) pD 7.5, (B)cby—13CO, pD 7.5, (C) pH 7.5. Enzyme
by oxidation of cytochrome and contributes to the proton gradient concentration was 1 mM, the path length, 20, and spectral resolution,
across the cytoplasmic membrane. The resonance Raman studie$ cm™
of the fully reduceéf and CO-boungiform of cbh; oxidase have

STEP-SCAN FT-IR A STEP-SCANFT-IR B

revealed several structural characteristics of the heme pocket, JTmK ) T=23K
including an indication, from the frequencies of the-f&0 and ” -
Fe—C—O that the binuclear center has a unique active site with a
pocket more open than that in other heme-copper oxidases.
Therefore, data on the photodynamics of the CO-bound adduct of
cytochromecbb in conjunction with those of thaas-type oxidase
can be interpreted to yield specific information concerning electronic
and heme/Cg geometric properties, and hemefcaxial ligand _ T el
bonding interactions. The time-resolved FTIR data reveal that in T sy ety
cbhs-type oxidase the decay of the transieng€CO complex is Figure 2. (A) Time-resolved step-scan FTIR difference spectra of the CO-
concurrent with the formation of the henhe—CO complex, and bound form of fully reduced cytochromebhs (pD 7.5) at 10, 25, 50, 100,
the »(CO) of Cus at 2065 cm?, despite the lack of the cross-link 150, 200, 250, 300, 400, 500, 750, 1000, and 129after CO photolysis,

: ‘i . 5 obtained with spectral resolution of 8 cfnand 5us time resolution. Total
tyrosine 244, is similar to that observed in cytochroagg"® and number of slices was 800, with 40 slices before and 760 after the laser

cytochromebos.® The former observation contrasts sharply With  firing. A total of 10 co-additions per retardation data point was collected.

the well-known behavior of CO recombination to the heme Fe of The 355-nm pulse from a Nd:YAG laser (7-ns width, 7 Hz) was used as a

cytochromeaas- and bos-type oxidase$: 10 pump light (3 mJ/pulse) to photolyze thbb;—CO oxidase. Inset: Kinetic
We detect a single band in the FTIR spectrum of the CO-bound @nalysis of the 2065 cni (vco(cus squares) and 1956 cri(veogre circles)

. . . L . . modes vs time after CO photolysis. The curves are three parameter fits to
cbhs which has carbon isotopic sensitivity (Figure 1A). We assign the experimental data according to first-order kinetics. (B) Time-resolved

the band at 1956 cm to the C-O stretching mode of herie;— step-scan FTIR difference spectra of the photolyzed €60 complex at
CO. In the3CO-bound derivative this peak shifts to 1913 dm 30, 40, 50, 75, 100, 150, 250, 375, 500, 625, 750, 875, 1000, 1750, 2500,
(g 16). The frequency o his CO mode s independent of S0 17,1k, oy, ()Tl of 0 1905 che o0 e,
H,O/D,0 exchanges (Figure 1C) and very close to those that have yor =E .

bezen rzeported forgthe (COg adduct)s of ﬁm—t))/lpe oxidases 781614 ghos;t?lyzed CcB-CO complex in HO (solid line) and RO (dot line) at
andbos-typef but 6 cnr?t higher than that previously reported for

the CO adduct otbh; from Rh. capsulatugt 15 K22 The FTIR ) )

results along with the resonance Raman (RR)destablish that Figure 2A shows the time-resolved FTIR spectia< S us to

the B-form is the stable conformation. The broad bandwidth of the 1-3 Ms, 8 cm? spectral resolution) of fully reducebly—CO after

CO mode incbbs (fwhm = 13 cnt?) is an indication of the wide ~ €O pho_toly3|s _by a nanosecond laser pulse (355 nm)._ Upon
distribution of allowed CO conformations. Similar observations Photolysis, CO is transferred from herbgto Cus. The negative
were detected in thg-form of the aas:-type oxidases3 peak at 1956 cm arises from the photolyzed hent®—CO
complex, and the positive peak that appears at 2065 ¢tp= 5
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the a- and-forms, respectively**3 Thus, the frequencies of the  restrictions directly adjacent to the herag Fe atom. It is also
modes involving CO incbly allows the protein to fall on the expected that transient motions of the protein are required to allow

v(Fe—CO) versug/(C—O0) correlation curve for thg-form but with ligand access to the henag Fe and net dissociation from gto

a corresponding(CO) of Cus of thea-form. Moreover, these data  the surroundings. On the basis of the above analysis we postulate
suggest that despite the absence of the cross-linkbim, the that the local protein environment around gCatom directs the
frequencies of the(CO) we detect are similar to the corresponding thermal dissociated ligand from 5 to 758 away from the heme
frequencies found in CO-bourads-*>711andbos-type’? oxidases. as—Cug pocket, thus preventing it from recombining to the heme

The decay of the 2065 crh peak {1, = 120 + 16 us) and the ag site concurrently with its release from g(see below). Thus,
development of the 1956 crhpeak €= 144 + 28 us) suggest the hemeag—Cug pocket is constructed in such a manner that
that the formation of the FeCO complex is concurrent with the  facilitates rapid migration of the photodissociated CO from heme
decay of the Cgt—CO complex. Moreover, the intensity ratio of az to Cus and slow recombination of CO to herag
Fe—-CO/Cuy—CO (2.15) remains constant for all data points, and Thecbb; is the first heme-copper oxidase reported in which the
thus we conclude that no fraction of CO escapes the binuclear centerdecay of the Cg—CO complex is accompanied by the formation

at 293 K. of the Fe-CO complex at room temperature. It is also the only
Infrared and UV-vis experiments of CO-bourass have shown oxidase with an open hem&opper structure lacking the-form
that CO dissociates from Guwn a microsecond time scalk_{ = of the heme, thus the distal interactions due tg @nd its local

5 x 1P s1), and a thermal equilibrium between g&hound and environment, and also lacking the hydrogen bonding between the
“free” CO in solution K = 87 M™1) is established?1°The CO, farnesyl hydroxyl and the tyrosine hydroxyl which couples together
however, does not return to heragfor milliseconds k, = 1030 the hemeaz and Cuy. The rates for the G3+CO dissociation and
s71).7.810Figure 2B shows the time-resolved FTIR spectga< 5 heme b;—CO recombination we have determined in this study
us to 4 ms, 8 cmt spectral resolution) of mammalian fully reduced  suggest that the rate-limiting step for the hemeecombination
aa—CO after CO photolysis in ED. We detect no intensity of CO, in contrast to that foaas andbo, is thety, of the Cy—
changes of the 1965 crhpeak fromty = 5—750us which implies CO complex. Although the hente—Cug pocket is more open than
the lack of CO rebinding to hen®g (Figure 2B, inset a). Attimes  the hemeaz;—Cug, the recombination process is faster and is
longer than 75Qus the intensity increase of the 1965 thpeak triggered by the decay of the ga¢CO complex and without a lag
signals the onset of ligand rebinding to heme This behavior is phase. If the structural differences in the binuclear centabbf
analogous to that previously observed by Dyer étfalnd Ondrias are a reflection of the kinetic data we have observed, then data on
et all6 The former authors proposed that on the time scale CO the photodynamics afbl;—CO at earlier timest{ < 5 us) could
leaves Cy (t12 = 1.5 us) there are no intrinsic heme barriers to be important for elucidating the mechanism for ligand entry/exit
recombination with hemas because typical geminate recombina- in heme-copper oxidases. Experiments on this point are in progress.
tion rates are nanoseconds. Thus, another barrier must form which Acknowledgment. This work was supported by PENED 99

prevents CO recombination prior to 1 ms, and either a local protein C.V). S.S and C.V thank Sabine Gemeinhard for her help in the
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