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ABSTRACT. Chemotaxis signal transducer protein DcrA from a sulfate-reducing bact®&asulfasibrio

vulgaris Hildenborough was previously shown to contaio-gype heme in its periplasmic domain (DcrA-

N) for sensing redox and/or oxygen [Fu et al. (1994)Bacteriol. 176 344—350], which is the first
example of a heme-based sensor protein contain@gitype heme as a prosthetic group. Optical absorption
and resonance Raman spectroscopies indicates that dhieniecrA-N shows a redox-dependent ligand
exchange. Upon reduction, a water molecule that may be the sixth ligand of the ferricleneplaced

by an endogenous amino acid. Although the reduced heme in DcrA-N is six-coordinated with two
endogenous axial ligands, CO can easily bind to the reduced heme to form CO-bound DcrA-N. Reaction
of the reduced DcrA-N with molecular oxygen results in autoxidation to form a ferric state without forming
any stable oxygen-bound form probably due to the extremely low redox potential of DcrA2H0(

mV). Our study supports the initial idea by Fu et al. that DcrA would act as a redox and/or oxygen
sensor, in which the ligand exchange between water and an endogenous amino acid is a trigger for signal
transduction. While the affinity of CO to DcrA-NKg = 138 uM) is significantly weak compared to
those of other heme proteins, we suggest that CO might be another physiological effector molecule.

Bacterial heme-based sensor proteins play important rolesdomain of DcrA contains a Cys-X-X-Cys-His sequence motif
in various biological events including the regulation of gene (residues 154158), a common motif to alt-type cyto-
expression, chemotaxis, and signal transductier4j. The chromes. Thus, it has been assumed that DcrA utilizes heme
heme-based sensor proteins studied so far conthitype c to function @), but the coordination structure of the heme
heme (iron protoporphyrin IX) to sense gaseous moleculesand the function of DcrA have not been elucidated.
such as oxygen (), nitric oxide (NO), and carbon monoxide  Although c-type cytochromes are usually involved in
(CO) (1-4). The heme in these sensor proteins is the active glectron transfer in many biological systems, DcrA is thought
site for sensing their effector molecules and regulating their tg pe a methyl-accepting chemotaxis protein (MG@ppon-
biological functions. The binding of gaseous molecules of sjble for O, and/or redox sensing/(8). If this is the case,
the physiological effector to the heme induces a conforma- pcrA is the first example of a heme-based sensor protein
tional change of the proteins, which is a functional switch containing ac-type heme as a prosthetic group. There is no
of the heme-based sensor proteitis4). example ofc-type cytochromes that work for Gsensing,

While all of the heme-based sensor proteins well charac- while c-type cytochromes that transiently bind ave been
terized so far contain &-type heme in their active sites, reported previously9—11). The mechanism of Dand/or
Dolla et al. have reported a putative sensor protein that redox sensing by ae-type heme remain(s) unknown. There-
possesses etype heme §), a putative chemotaxis signal fore, the identification and characterizationafype heme
transducer protein from a sulfate-reducing bacteriDes- in DcrA are important to understand the structural basis for
ulfovibrio wulgaris Hildenborough, DcrA %). DcrA is sensing @ and/or the redox potential byttype heme.
thought to consist of a periplasmic N-terminal domain | this study, we expressed the periplasmic N-terminal

(residues 34187) and a cytoplasmic C-terminal domain  gomain of DerA (DcrA-N, residues 34191) inEscherichia
(residues 208669) with two transmembrane sequences

(residues 733 and 188-207). The periplasmic N-terminal
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coli and characterized its spectroscopic properties usingwere collected and used for further experiment after ex-
optical absorption, resonance Raman, and redox titration. Onchanging the buffer for 200 mM MOPS buffer (pH 7.0).
the basis of these results, we will discuss biophysical The expression and purity of the protein were checked by
properties of thee-type heme and the function of DcrA. SDS-PAGE using 15% polyacrylamide gels. The gels were
stained by Coomassie Brilliant Blue (CBB) and '%3B-
EXPERIMENTAL PROCEDURES tetramethylbenzidine (TMBZ)/hydrogen peroxide,(+) for
protein and heme staining, respectively. The heme staining
MB8303) was obtained from NCIMBE. coli Top10  ©f SDS-PAGE gels by TMBZ/HO, can detect a heme
(Invitrogen) and JM109(DE3) (Promega) were used for covalently bound to_ protemﬂ(l)..
cloning and the expression of DcrA-N, respectively. The — SPectroscopyOptical absorption spectra were recorded
pEC86 plasmid containing thecmABCDEFGH genes on an Agilent 8453 spectrophot_ometer (Agilent Technolo-_
responsible for the maturation oftype heme proteins was gies) at room temperatulre. Pyridine hemochrome analys!s
kindly provided by Prof. L. THoy-Meyer (12, 13). pET- was performed to determn_’ne the type of heme and the protein
22b(+) was purchased from Novagen. concentration. The extinction g:oefﬂuent of 29.1 mMtm?
Construction of an Expression Vectdhe dcrA-N gene for the 550 nm band of pyridine hemochrome was used to

encoding the putative periplasmic domain of DcrA was determine the protein concentratictb]. . ) .
amplified by polymerase chain reaction (PCR) with the R€sonance Raman spectra were obtained with a single
genomic DNA ofD. wulgaris Hildenborough. The primers ~ Polychromator (Jobin Yvon, SPEX750M) equipped with a
were designed to incorporaBanH| and Xhd sites at the liquid nitrogen-cooled CCD detector (Roper Scientific,
5'- and 3-ends ofdcrA-N, respectively. The TA cloning kit Spec10:400LN). The excitation wavelengths were 406.7 and
purchased from Invitrogen was used to subclone the PCR413:1 nm from a krypton ion laser (Spectra Physics,
product into a pCR-4 vector to construct pCR-dcrA-N. The BeéamLok 2060). The laser power at a sample point was
DNA fragment containingdcrA-N obtained by digesting adjusted to~5 mW for the oxidized and reduced forms and
pCR-dcrA-N with the restriction enzymeBanH!| and Xha, to 0.1 mW for the CO-bound form to prevent photodisso-

was inserted into thBarrHI—Xhd site of the pET-22bf) ciation. Raman shifts were calibrated with indene, £CI
vector to construct pET-dcrA-N. acetone, and an aqueous solution of ferrocyanide. The

The DNA sequences of pCR-dcrA-N and pET-dcrA-N accuracy of the peak positions of well-defined Raman bands

were checked using a DNA sequencer, ABI PRISM 310 was within 1 cnt. The concentration of the sample was 30
genetic analyzer (Applied Biosystems). The N-terminal #M in 100 mM MOPS bufier (pH 7.0).

amino acid sequence was confirmed by a protein sequencer, CO Binding KineticsThe CO association raté) for
Procise 494HT (Applied Biosystems). the reduced DcrA-N was obtained using a stopped-flow

Expression of DcrA-NE. coli JM109(DE3) was trans- spectrophotometer (Unisoku, RSP-1000) under anaerobic

formed by pET-dcrA-N and pEC86 vectors to construct an and't'on at room temperature. Re_duced_ DerA-Ny)
expression system. DcrA-N was expressed as follows: 1 mL gbnﬁa;rcz(orlhcir)]t(r:itrlggiyni2nl5tggszrﬁMmCIXC()adFV(\)”rtrz;tri]ce)n'\g?tii

of an overnight culture of pET-dcrA-N and pEC86/coli CO—boupnd complex wgs .monitored ét 410 nm. The CO
JM109(DE3) was inoculated into 300 mL of Terrific broth dissociation ratepkg ) for the CO-bound form of bcrA-N
(TB) containing ampicillin (final concentration, 5@3/mL) . f :

and chloramphenicol (final concentration, 4§/mL) in a 2 was determined by NO replacement using a stopped-flow

L cultivation flask. Cultivation was carried out with a rotary 2523;?;;%?' At;;?)m 23# '\r:l] cég-b(')tl;]mtjheD(l:\;g-':at(ﬂrrz]a?(la q
shaker at 180 rpm and 3. Abou 4 h later, 1 mM IPTG lon, 4uM) w Ixed wi u

was added to the culture to induce protein synthesis. At the Mo?r?c? [?(L:thfb\e-lr\l(\?vgs?gbg:rr\/rgzt:?r? ng c?uflc)e(;(coe?irrilgr?tt;’ clggc-ii-
same time, the temperature and shaking speed were set t P

22 °C and 140 rpm, respectively, and cultivation was jon. Dissociation of CO was monitored at 410 nm. We

continued for 20 h. The cells were harvested by centrifuga- (r;pg:ﬁ]d Eg?ee)é%?ggi?t aé)ieaef;[r:]kgs; rlrzﬁ'?)IO;o(::‘etee;cmf:n?gt% .
tion and stored at80 °C until use. . =XP

e . constant was within 15%.
Purification of DcrA-N The frozenE. coli cells were - o .
. . Redox Titration Redox titration was performed using the
resuspended in 50 mM potassium phosphate buffer (pH 7.4) .
- . method described beford&, 17). The spectral changes of
containing 0.1 mg/mL phenylmethanesulfonyl fluoride and

. . . . DcrA-N during redox titrations were monitored on an Agilent
then sonicated on ice. After centrifugation at 28000 rpm for 8453 spectrophotometer at 6. A aold mesh. platinum
20 min, the supernatant was subjected to a HisTrap FF P b A9 ' P

column (Amersham Biosciences) equilibrated with 50 mM wire, and Ag/AgCl electrodes were useql for working, .
potassium phosphate buffer (pH 7.4). The column was counter, and reference electrodes, respectively. The protein
washed with 50 mM phosphate buff.er'containing 10 mm Was dissolved in 100 mM MOPS buffer (pH 7.0) containing

imidazole, and the absorbed protein was eluted with 50 mM 100 mM NaCl as a supporting electrolyte.

potassium phosphate buffer (pH 7.4) containing 200 MM pEgyL TS

imidazole. The fractions containing DcrA-N were combined

and then loaded onto a Resource Q column (Amersham The dcrA-N gene was fused to the N-terminal signal
Biosciences) equilibrated with 50 mM Tris-HCI buffer (pH sequence for periplasmic localization, pelB, in pET-220(
8.0). The column was extensively washed with 50 mM Tris- to construct pET-dcrA-N. DcrA-N was expressed as a heme
HCI buffer (pH 8.0), and the protein was eluted by a gradient protein using pET-dcrA-N with pEC86. Figure 1 shows
of NaCl from 0 to 500 mM. The fractions containing DcrA-N  SDS-PAGE gels stained with CBB (protein staining) and

Strains and Plasmid<D. vulgaris Hildenborough (NCI-
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Ficure 1: SDS-PAGE of purified DcrA-N stained with (a) CBB
and (b) TMBZ/H0.. The left lanes for each panel are the molecular

j

mass marker. The arrows in the right lanes in each panel indicate

the DcrA-N band.

Extinction coefficient /mM 'cm-

T
300

400 500
Wavelength / nm

Ficure 2: Optical absorption spectra of DcrA-N. The bold, dotted,

and dashed lines indicate the ferric, ferrous, and ferr@ forms

of DcrA-N dissolved in 100 mM MOPS buffer at pH 7. The

700

extinction coefficients of the Soret band are 161, 137, and 213

mM~1 cm™! for the ferric, ferrous, and ferrou<CO forms,

Yoshioka et al.

Table 1: CO Association and Dissociation Constants for Various
Heme Proteins

protein kon(M™1sY) ket (5 Kg(uM)? ref
DcrA-N 0.021 2.9 138 this work
AxPDEA1 0.21 0.058 0.28 50
RmFixLH 0.017 0.083 4.9 51
SW Mb 0.51 0.019 0.037 52

aThe Kq4 value was calculated frork,, and k¢ values.

c-type heme in DcrA-N as DcrA-N on SDSPAGE gels can
be stained by TMBZ/KO, (heme staining).

Optical absorption spectra for purified DcrA-N at pH 7.0
are shown in Figure 2. The ferric DcrA-N showed Soret peak
at 400 nm and weak bands at 492 and 624 nm (solid line).
While this spectrum is distinct from typical-type cyto-
chromes with His/Met coordination in the ferric form, it is
very similar to the ferric forms of the Met80-Ala (M80A)
mutant of cytochromec at acidic pH (8—20) and of
Rhodopseudomonas sphaeroitiesne protein (SHP) at pH
7.0 ©). The extinction coefficient of the Soret band at 400
nm was 161 mM! cm™%, almost identical to that of the
M80A mutant of cytochromec (Soret band, 400 nm;
extinction coefficient, 164.4 mM cm™1) (19). When the
protein was dissolved in pH 10 buffer, the Soret maximum
was red shifted by 1 nm, concomitant with a slight increase
and decrease in the absorbance around 530 and 624 nm,
respectively (data not shown). This observation indicates that
spin state transition from the high-spin to low-spin state
occurred by increasing the pH.

The reduction of ferric DcrA-N with a small excess of
sodium dithionite gave a Soret band at 416 nm and two
resolved bands at 521 and 550.5 nm (Figure 2, dotted line),
typical of reduceat-type cytochromes with a six-coordinated,
low-spin state.

Unlike mostc-type cytochromes, the addition of CO to
reduced DcrA-N generated the CO-bound form with absorp-
tion bands at 413, 531, and 556 nm (Figure 2, dashed line).
This spectrum is very similar to that of a six-coordinated
hemec—CO complex with an axial histidine ligan®).

respectively. The spectra between 450 and 700 nm are also plottedl N€ CO association rate constari) for the reduced

with a 5x enlarged scale and a slightly displaced baseline for clarity.

TMBZ/H,0, (heme staining), respectively. The gel stained
with CBB showed a band around 20 kDa for DcrA-N, which
indicated more than 90% purity for DcrA-N. The band of
the purified sample was stained with TMBZ/®%, which is
consistent with the reported result that-type heme exists

DcrA-N determined by the stopped-flow method was 0.021
uM~ts™1 and the CO dissociation rate constant was 219 s
(Figures S1 and S2; see Supporting Information). Khe
value for the CO binding to DcrA-N was calculated to be
138 uM, which is quite larger than those of various heme
proteins (Table 1). When the reduced DcrA-N reacted with
O,, it formed ferric DcrA-N by autoxidation. No stable,O

in DcrA-N (6). The observed molecular mass was consistent bound form was observed.

with the calculated value of DcrA-N (19.9 kDa).
The N-terminal amino acid sequence of the purified
DcrA-N was MDIGINSDPQRQ (data not shown), identical

To characterize the spin state and coordination structure
of c-type heme in DcrA-N in detail, we measured the
resonance Raman spectra of DcrA-N. Resonance Raman

to the expected sequence based on pET-dcrA-N. The firstspectra in the high-frequency region of the ferric, ferrous,
nine residues of the above sequence are derived from theand CO-bound forms of DcrA-N are shown in Figure 3A,

vector pET-22b{). The first residue encoded lerA-Nis

GIn34, which is shown underlined in the above sequence.

DcrA-N showed the typical optical absorption spectra of
heme proteins shown in Figure 2. The heme type in DcrA-N

21n the presence of excess sodium dithionite, the reaction of the
reduced DcrA-N with @generated a new absorption band at 644 nm,
which would show heme degradation. As the reaction of reduced

was determined by pyridine hemochrome analysis. Pyridine DcrA-N with hydrogen peroxide also resulted in the appearance of the

hemochrome derived from DcrA-N showed@iband at 550
nm typical ofc-type hemes, showing the presence oftgpe
heme in DcrA-N. This is consistent with the presence of a

644 nm band, we concluded that “coupled oxidation” occurred under
these experimental conditions. The addition of a small amount of
catalase inhibited the appearance of the 644 nm band, consistent with
this interpretation40, 41).
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and the assignments of the observed frequencies of the heme
skeletal modes are summarized in Table 2.

The resonance Raman spectrum of ferric DcrA-N afforded
two sets of the heme core marker lines except fontHae
(trace a of Figure 3A). The main species with Raman lines
at 1481 cm? (v3), 1568 cmi! (v,), and 1612 cmt (v40) can
be assigned to a six-coordinate, high-spin heme. The Raman
lines of the minor component at 1509 ch{»z), 1580 cn1!

(v2), and 1643 cm! (v10) are similar to those for the six-
coordinate, low-spin heme of cytochromg22, 23). The
intensity of thevs line at 1509 cm? for a low-spin species
increased when DcrA-N was dissolved in pH 10 buffer (data
not shown). These results are consistent with the results of
optical absorption spectra, suggesting that the sixth ligand
of the ferric protein was a water or hydroxide ion.

As shown in trace b of Figure 3A, the reduced DcrA-N
showed heme core marker lines at 1362 €fny), 1495 cmt
(v3), 1593 cm? (v,), and 1625 cm! (vy0) typical for six-
coordinate, low-spin hemeg&%, 23). For the reduced form
of c-type cytochromes, the;; mode is used to evaluate the
electronic nature of the axial heme ligan@sl,(25). When
a negatively charged ligand such as imidazolate binds to the
heme iron, thes, line shifts to a lower frequency24, 25).

The vy, line at 1548 cm? for reduced DcrA-N is similar to
that of cytochrome, suggesting that neutral ligands bind to
the ferrous heme.

The resonance Raman spectrum of the CO complex is
shown in trace ¢ of Figure 3A. They line at 1374 cm?
and other heme core marker lines at 1498 tiws), 1593
cmt (1), and 1633 cm! (v10) are typical of a CO-bound,
six-coordinate heme (21, 26).

Resonance Raman spectra in the low-frequency region are
shown in Figure 3B. Strong Raman lines at 414 and-684
688 cm! were prominent for each spectrum of DcrA-N. For
cytochromec, the pairs of Raman lines at 413/421¢nand
682/692 cm?* were assigned td(Cs—C,—Cy) and v(Ca—

S), respectivelyZ?2, 23). DcrA-N also showed these Raman
lines, indicating the presence of covalent bonds between
heme vinyl groups and two cysteine residues.

We observed an isotope-sensitive Raman line at 493 cm
for the CO-bound form of DcrA-N (traces c of Figure 3B).
This Raman line shifted to 485 crhwhen®*C*0 was used
(traces c, dashed line), indicating that this band can be
assigned ag(Fe—CO). Thev(Fe—CO) stretching frequency
of DcrA-N suggests that a distal His stabilizing iron-bound
CO does not exist in this case. ThdC—O) line was
observed at 1955 cm in the high-frequency region of the
resonance Raman spectrum (inset of Figure 3B). These two
values on the FeCO moiety,v(Fe—CO) andv(C—0), can
be used to obtain information on the axial ligand of CO-
bound heme and the heme environmental strucife The
data point of CO-bound DcrA-N falls slightly below the
correlation line that the CO adductsletype hemes with a
neutral histidine ligand show, as shown in Figure 4. The axial
ligand of CO-bound DcrA-N is thought to be a His, probably

FIGURE 3: Resonance Raman spectra in high- (panel A) and low- His158 in the Cys-X-X-Cys-His motif. Such deviation from

frequency (panel B) regions of DcrA-N. The spectra of the ferric the correlation line implies that the proximal His ligand has
and ferrous forms were obtained with laser excitation at 406.7 nm. an anionic character when CO binds to the heme iron.

The spectra for the CO adduct were obtained with 413.1 nm laser
excitation. Traces a, b, and c represent ferric, ferrous, and fefrous
CO forms, respectively. The dotted line in trace c of panel B is the
13C180-bound form. The inset in panel B shows the difference
spectrum betweeRC%0 and!3C€0 in the C-O stretching region.

Hydrogen bonding from a surrounding amino acid to the
proximal His would make it anionic.

As redox potential is an important factor regulating the
function of heme proteins, the redox potential of DcrA-N
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Table 2: Observed Frequencies of Heme Skeletal Modes for DcrA-N and Comparisons with Related Proteins

V4 V3 2 V10 heme ligation ref
Fer
DcrA-N 1370 1481 1568 1612 6¢CHS(His/water) this study
1509 1580 1643 6cLS(His/OH this study
cytc 1371 1501 1585 1635 6cLS(His/Met) 22
cyt c folding intermediate 1369 1483 1571 6¢cHS(His/water) 42
myoglobin 1370 1481 1563 1620 6¢HS(His/water) 43
Fer
DcrA-N 1362 1495 1593 1625 6CLS(HisA) this study
cytc 1362 1492 1594 1623 6¢cLS(His/Met) 22
Fet—CO
DcrA-N 1374 1498 1593 1633 6¢cLS(His/CO) this study
cytc 1371 1467 1591 6cLS(His/CO) 21

@ The unidentified sixth ligand of the ferrous heme is indicated as L.
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Ficure 4: Caorrelation plot between(Fe—CO) andv(C—0). The
circle and squares represent the data of DcrA-N and a variety of 0.0-p-
heme proteins with a proximal histidine, respectively. The data T T J J
points except for DcrA-N were obtained from reéfé and43—48, -0.6 -0.4 -0.2 0.0 0.2

) ) . ) ) Potential / V vs. SHE

was determined by electrochemical redox titration (Figure Figure5: Electrochemical redox titrations of DcrA-N. The closed
5). The oxidative and reductive titration curves were super- squares and circles represent the data points in reductive and
imposable, and the redox potential of DcrA-N at pH 7.0 was Oxidative titrations, respectively. The solid and dashed lines are
determined as-250 mV (vs standard hydrogen electrode) theoretical curve fittings with the Nernst equation for reductive and

- . N * oxidative titrations, respectively. The titrations were performed at
While this redox potential is extremely low compared with 15 'in 100 mM MOPS buffer at pH 7 containing 100 mM NaCl
that of cytochromec (+260-280 mV) 28), somec-type as the supporting electrolyte.

cytochromes such aShewanella putrefaciensytochrome

cs (—233 mV) 29), D. wulgaris cytochromec; (—242 to H\O/H L co
—358 mV) 30, 31), and cytochromesso (—260 mV) 32) ve . co
show a similar redox potential. —Fetmm T  emfe?tem —— ==feltem
+0z
DISCUSSION His-158 His-158 His-158

. N FiIGURe 6: Proposed coordination structure of heoia DcrA-N.
Genome analysis db. vulgaris Hildenborough reveals  The unidentified sixth ligand of the ferrous form is indicted as L.

the presence of 27 MCPs in its genome, showing that this

bacterium has a variety of sensory systems for chemotaxisdependent sensor of the MCP famil§).(Thus, DcrA has
toward external signals3B). DcrA is one of these MCPs  been assumed to utilize hero@as a sensor of redox and/or
and is thought to have periplasmic and cytoplasmic domainsoxygen 6). In this study, we characterized the coordination
with two membrane-spanning regions, which is the common structure, spin state, and reactivity of tlsitype heme. On
architecture of typical MCPs. As the periplasmic domain of the basis of our observations, we discuss the unusual
MCPs is responsible for sensing external signals, DcrA-N structural properties and function of hemén DcrA.

(the periplasmic domain of DcrA) acts as a sensor for an As summarized in Figure 6, we found that hemef
external signal. Fu et al. previously showed that DcrA DcrA-N shows a unique coordination structure and redox-
contains ac-type heme by labeling with 5-amino-f4€]- dependent ligand exchange. While the reduced DcrA-N is
levulinic acid, immunoprecipitation, and autoradiograpBly (  six-coordinate with two endogenous axial ligands as is the
In addition, they found that the methylation levels of the case in typicat-type cytochromes, the coordination structure
C-terminal methyl-accepting (MA) domain decreased upon of the ferric heme in DcrA-N is different from that of typical
addition of oxygen and increased upon subsequent additionc-type cytochromes. On reduction, a water molecule coor-
of sodium dithionite, as expected for a redox- or oxygen- dinated to the ferric heme is replaced by an endogenous
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amino acid yet unidentified. This redox-dependent ligand suggests thaD. vulgaris can gain energy for growth from
exchange is very similar to that observed for DOS frem CO metabolism, as doeR. rubrum(38). In this case, it
coli as discussed below. makes sense thdd. vulgaris has a sensor responsible for
Ec DOS is a heme-based sensor protein and heme-chemotaxis toward CO. Given that DcrA needs to sense
regulated phosphodiesterase whose activity is regulated byenough concentration of CO for energy metabolism, it also
the oxidation state of the heme iro4( 35). FerricEc DOS makes sense that DcrA has a low affinity toward GQ €
is the inactive form in which a water molecule and His-77 138 uM). DcrA might be a possible candidate of signal
are the axial ligands of the ferric heme. A water molecule transducer protein that senses CO as an attractant. This
coordinated to the ferric heme iBc DOS is replaced by  remains a hypothesis at present, but is very attractive.
Met-95 on reduction3). In the active form ofEc DOS, Our current study suggests that hem@ DcrA would
His77 and Met95 are the axial Iigands of the ferrous heme. primar”y work as a sensor of redox and/or oxygen for
This ligand exchange between water and Met95 is a trigger chemotaxis. However, we note that DcrA has a PAS domain
of Ec DOS activation 84, 35). Thus, the heme iEc DOS in its cytoplasmic domain 8). Our preliminary result
acts as a redox sensor regulating enzymatic activity. Theindicates that the PAS domain does not contain any cofactor
redox signal sensed by the hemeFiaDOS is transformed  such as heme or flavin (Yoshioka and Aono, unpublished
to a conformational change of the protein triggered by the results). Since the PAS domain is usually found in many
redox-dependent ligand exchange. sensor proteinsg), it is natural to assume that the PAS
Reduced DcrA-N converts to the ferric form on reaction domain of DcrA may work for the output of the signal sensed
with O,. Autoxidation proceeds very easily, and no stable py hemec. Thus, one can assume that there might exist a
Oz-bound form is formed, probably due to the low redox cytoplasmic protein that interacts with the PAS domain of
potential and the absence of distal amino acid that stabilizespcrA to transmit the external signal sensed by hente
heme-bound @ These results indicate that DcrA does not  the cytoplasm. The roles of the PAS domain in DcrA remain
sense @directly. Given the close similarity between DcrA o be clarified. While our study is not enough to give a clue
andEc DOS in the redox-dependent ligand exchange, DcrA to the function of DcrA, chemotaxis assay toward CO and
would be a redox and/or oxygen sensor, but not a direct further research on the roles of DcrA in CO sensing and

oxygen sensor. metabolism in this organism will also be required.
It is known thatD. vulgaris Hildenborough shows aero-

taxis toward very low oxygen concentration.04%) 63). ACKNOWLEDGMENT
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proteins such as CheA, CheW, and CheY through the MA Two figures showing determination of the CO association

domain of DerA, resulting in the "’!e”)tax‘? requn_squf rate (n) for DcrA and the CO dissociation ratég) for
vulgaris. Our current data are consistent with the initial idea DcrA-N. This material is available free of charge via the
by Fu et al.,, who proposed that DcrA is a redox and/or Internet. at http://pubs.acs.org

oxygen sensors).
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