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ABSTRACT: The [2Fe—2S] transcription factor, SoxR, a member of [,

the MerR family, functions as a bacterial sensor of oxidative stress in
Escherichia coli. SoxR is activated by reversible one-electron oxidation of
the [2Fe—2S] cluster and enhances the production of various
antioxidant proteins through the SoxRS regulon. Ultraviolet resonance
Raman (UVRR) spectroscopic analysis of SoxR revealed conforma-
tional changes upon reduction of the [2Fe—2S] cluster in the absence
and presence of promoter oligonucleotide. UVRR spectra reflected the

environmental or structural changes of Trp following reduction.

Notably, the environment around Trp91 contacting the [2Fe—2S] cluster was altered to become more hydrophilic, whereas that
around Trp98 exhibited a small change to become more hydrophobic. In addition, changes in cation—7 interactions between the
[2Fe—2S] cluster and Trp91 were suggested. On the other hand, the environment around Tyr was barely affected by the [2Fe—
28] reduction. Binding of the promoter oligonucleotide triggered changes in Tyr located in the DNA-binding domain, but not
Trp. Furthermore, conformational changes induced upon reduction of DNA-bound SoxR were not significantly different from

those of DNA-free SoxR.

Signal transduction in sensor proteins is increasingly
important in different research fields, and elucidation of
the structural mechanism is a current focus of interest."”” Sensor
proteins are generally composed of a sensor domain and
functional domain with a catalytic or DNA binding site for
transcriptional activity. Binding of an external signal to the
sensor domain induces slight alterations in structure, and
subsequent conformational changes in the protein are
propagated to the functional domain, leading to regulation of
activity. Elucidation of these structural changes is thus essential
to understand the mechanism of action of these proteins. One
typical example is the mercury resistance operon regulator
(MerR) family.>~> Members of the MerR family function as
transcriptional activators in response to a variety of stress
conditions, including exposure to heavy metals,” "' reactive
oxygen species,' > and antimicrobials.'*"'® Recent progress in
genome sequencing has led to the identification of several
MerR family members in bacterial genomes.* MerR proteins
possess similar helix-turn-helix DNA binding motifs, a coiled-
coil dimerization region, and a divergent C-terminal effector
binding domain.”">"” The structural diversity of the C-terminal
domain allows individual MerR proteins to sense changes in the
environment, such as metal ions, oxidative stress, and multidrug
binding. In the absence of the appropriate signal, MerR-type
transcription factors occupy suboptimally spaced promoter
elements in the inactivated state. Upon activation, in response
to the appropriate stimulus, these proteins undergo conforma-
tional changes that unwind the promoter region, allowing RNA
polymerase to initiate tmnscription.é’15’20’21
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SoxR, belonging to the MerR family, regulates the oxidative
stress response to superoxide and nitric oxide in enteric
Escherichia coli (E. coli) and Salmonella enterica. This unique
transcription factor is a homodimer of 17 kDa subunits
containing a [2Fe—2S] cluster essential for transcriptional
activation of the soxS promoter.'>'****3 Under conditions of
oxidative stress, the metal center is oxidized and regulates soxS
transcription via structural changes between the oxidized and
reduced forms. Activated SoxR enhances the production of
SoxS, a transcription activator, which controls the expression of
>100 genes in the SoxRS re§ulon that collectively act to repair
or avoid oxidative damage.2 2425

The structure of E. coli SoxR complexed with a 20 bp
oligonucleotide encompassing the majority of the soxS
promoter region has been solved.”® The structure reveals N-
terminal winged helix DNA-binding, dimerization helix, and
[2Fe—2S] cluster binding domains. The dimerization helix
forms an antiparallel coiled coil that serves to stabilize the SoxR
dimer. The [2Fe—2S] cluster of SoxR is coordinated to four
cysteine residues (Cys119, Cys122, Cys124, and Cys130). One
of the S atoms (S2) and two Fe atoms are fully exposed to
solvent. The [2Fe—2S] cluster domain is further stabilized by
interactions with helices of other subunits. The overall
architecture of the SoxR—DNA complex is similar to those of
other MerR proteins.”'>'® The DNA structure in the complex
is in a bent conformation with local untwisting. SoxR in E. coli
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contains two Trp and three Tyr residues. Trp91 is located near
the [2Fe—2S] cluster of other subunit, whereas Trp98 in the a5
helix is stabilized via van der Waals contacts with conserved
residues in the a3, a4, and a5 helices. Tyr31, Tyr49, and Tyr56
are located within the DNA-binding domain and thus used as
probes to monitor protein conformational changes close to and
distant from the [2Fe—2S] cluster. While the structure of
transcriptionally activated SoxR has been solved, the molecular
mechanisms through which redox changes of the [2Fe—2S]
cluster induce protein conformational alteration and regulate
transcription of the target promoter remain to be established.
However, the lack of a SoxR structure in the reduced state
limits our understanding of the structural transitions required
for DNA binding and transcriptional activation.

To address this issue, we performed UV resonance Raman
(UVRR) measurements of the oxidized and reduced forms of
SoxR, in both the absence and presence of promoter
oligonucleotide. UVRR spectroscopy is a powerful tool for
monitoring protein structures and conformational
changes.”’ ™" Upon excitation at around 220—250 nm, side-
chain vibrations of Tyr and Trp residues are selectively
enhanced. UVRR bands of Trp and Tyr residues provide
information on the hydrophobic/hydrophilic surroundings as
well as hydrogen bonding.27 In the current study, we first
investigated conformational changes in SoxR upon reduction of
the [2Fe—2S] cluster.

B MATERIALS AND METHODS

Sample Preparation. Cloning of E. coli SoxR, construc-
tion of expression plasmids, and purification of wild-type (WT)
protein were performed essentially as described previously.>"
Site-directed mutagenesis was performed using a PCR-based
approach following the instructions of the Quik Change kit
(Stratagene). SoxR protein samples were purified as the
oxidized form, and confirmed as >95% homogeneous with
SDS-PAGE. SoxR-DNA complexes were prepared according to
the crystallization method described previously.>! The palin-
dromic oligonucleotide (GCCTCAAGTTAACTTGAGGC)
purchased from Sigma Genosis Biotech Co. Ltd. (Japan)
formed double-stranded DNA. Oligonucleotide was dissolved
in aqueous solution containing 20 mM Tris-HCl (pH 7.6), SO
mM KC], and 10 mM potassium/sodium tartrate, heated to 94
°C and gradually cooled to room temperature. For preparation
of the SoxR-DNA complex, 40—50 M SoxR (20 mM Mops,
pH 7.6, 250 mM KCl, and 10 mM potassium/sodium tartrate)
and oligonucleotide solutions were mixed at molar ratios of
2:1.05—1.1 and incubated for more than 4 h at 4 °C.*'

For Raman measurements, the protein concentration was
adjusted to 40—50 M in 20 mM MOPS, pH 7.6, 0.25—0.5 M
KCl, and 10 mM potassium/sodium tartrate. Reduced SoxR
was prepared using the following method: a sample of SoxR
was deoxygenated by repeated evacuation and flushing with
nitrogen in a sealed cell. Sodium dithionite solution was added
to the protein solution with a gastight Hamilton microsyringe
under nitrogen atmosphere (final concentration, 0.5—1 mM).
SoxR reduction was confirmed using visible absorption
spectrophotometer.

UV Resonance Raman Measurements. UV probe pulses
(20 ns, 1 kHz) at 230 nm were obtained by frequency
quadrupling of the output of a Nd:YLF-pumped Ti:sapphire
laser (Photonics Industries, TU-L). The probe power was kept
as low as possible (0.5 uJ/pulse) to avoid photodamage of the
protein sample. The probe beam was focused onto the sample
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cell with spherical and cylindrical lenses. Sodium sulfate
(Na,S0,) (200 mM) was used as an internal intensity standard
in all samples.

The sample solution was contained in a quartz 10 mm
diameter NMR tube and spun with a spinning cell device
designed to minimize off-center deviation during rotation.
Raman scattering light was collected in the 135° backscattering
geometry mode and focused onto the entrance slit of a custom-
made Littrow prism prefilter (Bumko Keiki) coupled to a 55
cm single spectrograph (iIHRS50, Horiba Jobin-Yvon) equipped
with holographic grating (2400 grooves mm™) using two
achromatic doublet lenses. The prefilter effectively rejected
stray background due to Rayleigh scattering and visible
fluorescence. Dispersed light was detected with a liquid
nitrogen-cooled CCD camera (SPEC-10:400B/LN, Roper
Scientific) using the second diffraction order of the
monochromator. Spectra were calibrated using the standard
Raman spectra of cyclohexane.

Protein was replaced with a fresh sample every 5—10 min.
The total exposure time to obtain a single spectrum was about
1 h. The integrity of the sample after exposure to UV laser light
was carefully confirmed by comparing visible absorption spectra
obtained before and after UVRR measurements.

B RESULTS

Changes in the UVRR Spectra of SoxR Excited at 230
nm upon Reduction of the [2Fe—2S] Clusters. Raman
bands arising from Trp and Tyr residues are selectively
enhanced upon excitation around 220—250 nm and can be
used as structural probes for their surroundings.”” Figure 1
depicts raw UVRR spectra of the oxidized and reduced forms of
WT SoxR. Trp and Tyr bands in UVRR spectra were identified
by comparison with spectra of aqueous amino acid solutions.*’
The raw spectrum was dominated by bands arising from two
Trp (Trp9l, 98) and three Tyr (Tyr31, 49, 56) residues
(labeled W and Y, respectively, followed by the mode
number).”” Since the protein concentrations were the same
in all measurements performed at a given excitation wavelength,
the intensities of the Raman features were comparable in all raw
spectra.

Reduction of the [2Fe—2S] cluster of SoxR caused intensity
changes and frequency shifts in Trp vibrational modes (Figures
la,b). To further clarify the spectral changes, difference spectra
were calculated so that the band for SO,*>~ (981 cm™), present
at the same concentration as the internal intensity standard, was
taken as zero. The difference spectrum yielded the following
data: 757(+)/767(=) ecm™' (W18), 1004(—)/1012(+) cm™!
(W16), 1558(—)/1569(+) em™" (W3) (Figure 1d).

The WT spectrum arises from contributions of both Trp91
and Trp98. To identify the specific Trp residue responsible for
spectral changes in WT, we performed UVRR measurements
on SoxR proteins in which one of the two Trp residues was
substituted with Phe. The W98F mutant (Trp91) contained
low levels of [2Fe—2S] centers. The mutation of Trp98 may
have compromised their structural integrity such that handling
during purification. Therefore, we could not perform Raman
measurement of Trp91. The spectrum for Trp91 was obtained
by subtracting that of W91F mutant (Trp98) from that of WT
under the assumption that the environment of Trp98 in W91F
is not affected by the mutation.

The difference spectra of the reduced minus oxidized forms
were compared for Trp91 and Trp98 (Figure le,f).
Interestingly, spectral changes of Trp91 were distinct from
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Figure 1. The 230 nm excited UVRR spectra of WT (a) and W91F
mutant (Trp98) (b) of SoxR. Spectra of the oxidized (red line) and
reduced forms (blue line) are shown. The spectrum of Trp91 (c) was
calculated from that of WT minus that of W91F. The reduced minus
oxidized spectra for WT (d), Trp98 (e), and Trp91 (f) are shown.

those of the Trp98, except for a frequency shift of the W18
band, which is commonly observed for the two Trp residues.
The difference spectrum of Trp91 yielded positive peaks at
1010 (W16) and 1343 cm™ (W7), indicating an increase in the
intensity of Trp bands in the reduced form, compared with the
oxidized form. In contrast, the difference spectrum of Trp98
yielded negative peaks at 1009 (W16) and 1558 cm™' (W3).
Peaks at around 1010 and 1560 cm™" were thus derived from
the intensity differences in the two Trp residues. In addition,
the difference spectrum of Trp91 exhibited a positive band at
1374 cm™’, suggesting the appearance of a high-frequency
component of the W7 band. This type of frequency
perturbation is likely to arise from steric repulsion between
the indole ring and its environment.>* A similar frequency shift
observed for the Trp W7 band in bacteriorhodopsin has been
attributed to repulsion between the indole ring and methyl
groups of retinal chromophore.*

The positive/negative peaks at 1340/1360 cm™, arising due
to the intensity of the low- and high-frequency components,
were increased and decreased, respectively, for Trp91. The W7
band of Trp usually splits into a doublet at 1360/1340 cm™
owing to Fermi resonance between a fundamental mode and a
combination of two out-of-plane modes involving benzene and
pyrrole rings comprising the Trp side chain.***** The

1
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intensity ratio, R(I;360/I1340), is sensitive to the polarity of the
environment around Trp residues.® The R value for solvent-
exposed Trp is the lowest value measured at <1.1, while the R
values for least polar environments similar to ethanol and
dioxane are >1.5.*> The R values for Trp91 and Trp98 in the
oxidized state were 2.0 and 1.0, respectively. This finding
suggests that Trp91 is buried in a more hydrophobic
environment than Trp98. Upon SoxR reduction, the R value
for Trp91 was remarkably decreased to 1.2, whereas that for
Trp98 exhibited a relatively limited increase to 1.2. These
results suggest that upon reduction the environment around
Trp91 changes significantly to become more hydrophilic while
that around Trp98 undergoes a small change to become more
hydrophobic.

The W3 frequencies of Trp are sensitive to the absolute value
of torsion angle (y*') about the C4—C; bond connecting the
indole ring to the peptide main chain.**"** The W3 frequency
of Trp98 at 1558 cm™' corresponded to a y*' angle of
120°.%%° This value is close to the X-ray-determined torsion
angle of 111°.2° On the other hand, the W3 frequency of 1560
em™' for Trp9l was higher than that predicted, based on
crystallographic data. The difference spectrum exhibited a
positive band at 1566 cm™'. Conversely, the difference
spectrum of Trp98 W3 showed a negative band at 1558 cm™".

In contrast to the data obtained with Trp, we observed no
changes in Tyr Raman bands, including Y1, Y9a, Y7a, Y8b, and
Y8a, upon reduction of WT, suggestive of no alterations in the
Tyr (Tyr31, Tyr49, TyrS6) environment of WT protein upon
reduction.

UVRR Spectra of SoxR Excited at 230 nm upon
Binding of Promoter DNA. Figure 2 presents the UVRR
spectra of oxidized, reduced, DNA-bound oxidized, and DNA-
bound reduced forms of the protein (a) excited at 230 nm and
the difference spectra (reduced minus oxidized) of the DNA-
free forms (b), DNA-bound forms (c), DNA-bound minus
DNA-free oxidized forms (d), and DNA-bound minus DNA-
free reduced forms (e). DNA binding to the SoxR protein
induced changes in several negative peaks. The negative bands
at 1174, 1602, and 1617 cm™ resulted from reduction in the
intensities of Y9a, Y8b, and Y8a. This finding is indicative of
alterations in the environment around Tyr residues upon DNA
binding. To identify the specific Tyr residue(s) contributing to
spectral changes in WT protein, each of the three Tyr residues
was mutated to Phe. However, these mutants contained only
low levels of [2Fe—2S] centers, and therefore, we could not
perform Raman measurements. In contrast, Trp Raman bands
exhibited small spectral changes (except intensity reduction of
1010 cm™" (W16) and 1560 cm™' (W3)), suggesting that Trp
residues undergo minor environmental changes. The positive
peak at 1485 cm™' observed in the presence of DNA was
attributed to the Raman band of oligonucleotide.“o_42

Notably, the difference spectrum between the reduced and
oxidized DNA-bound forms resembled that of the DNA-free
form (Figure 2b,c). Thus, it appears that the conformational
changes induced upon reduction of DNA-bound SoxR are not
significantly different from those in the DNA-free form.

B DISCUSSION

Conformational Changes in Trp and Tyr Residues
upon Reduction of [2Fe—2S] Clusters of SoxR. The SoxR
protein contains two Trp residues at positions 91 and 98. Both
Trp residues are involved in long dimerization of the aS helix
and play structurally and functionally important roles.

dx.doi.org/10.1021/bi201526y | Biochemistry 2011, 50, 9468—9474
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Figure 2. The 230 nm excited UVRR spectra of DNA-free forms of
the oxidized and the reduced and DNA-bound forms of the oxidized
and the reduced SoxR (a). The difference spectra: reduced minus
oxidized in the DNA-free forms (b), reduced minus oxidized in the
DNA-bound forms (c), DNA-bound minus DNA-free in the oxidized
forms (d), and DNA-bound minus DNA-free in the reduced forms

(e).

Magnified images of the region near the Trp residues are
presented in Figure 3A,B. Trp91, a conserved residue among
SoxR proteins, is located in close proximity to the [2Fe—2S]
cluster of other subunit, and the N,, atom of indole forms a
hydrogen bond with the backbone carbonyl of Cys119
coordinated to the [2Fe—2S] cluster in the @S’ (where the
prime indicates the other subunit) helix. On the other hand,
Trp98 (also highly conserved but replaced with Leu in S.
pomeroyi SoxR) is located so that the aS helix is stabilized by
hydrophobic interactions with conserved residues in the a3 and
a4 helices. In the present study, the two Trp residues were
employed to probe tertiary structure changes in the protein
conformation upon reduction of the [2Fe—2S] cluster. Our
UVRR data showed that both Trp91 and Trp98 undergo
intensity changes and frequency shifts upon reduction,
supporting significant environmental changes. The decreased
I1360/ 11340 ratio for Trp91 clearly suggests that the surrounding
environment becomes more hydrophilic in the reduced state,
implying partial exposure of this residue to solvent. On the
other hand, hydrophobicity in the Trp98 environment is
increased to a small extent. Reduction of the [2Fe—2S] cluster
may accompany the relative orientations of a3, aS and a4
helices, and cause tightness of the nonbonded contacts of
Trp98. Since no frequency shift was observed for the hydrogen
bond marker band (W17 at 878 cm™ ** and W10 at 1237
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Figure 3. Crystallographic structure of SoxR. Close-up of the region
near Trp 91 (A) and Trp98 (B) residues. These structures were
produced with PyMol using a structure from the Protein Data Bank
(PDB ID 2ZHG: ref 26).

cm™' ), we propose that the hydrogen bond between Trp91

and the backbone carbonyl of Cys119 is barely affected.

W16 (benzene ring-breathing mode) and W18 (indole ring-
breathing mode) are sensitive to an electronic state of the
aromatic ring. Model studies have shown that increases in
solvent dielectric constant and hydrogen-bonding strength
lower the frequencies of these bands.**™* Since no frequency
shift was observed for the hydrogen bond marker band (W17
and W10) in the present data, the frequency change of the W18
band can be ascribed to changes in the hydrophobicity of Trp.
In addition, the intensity changes in the W16 band have been
characterized for not only hydrophobicity but also cation—Trp
7 interactions in both proteins and small molecule model
systems,>>* ™ where the cations involve metal ions*’ and
protonated imidazole of His.***’ In our experiments, frequency
changes in the W18 bands were commonly observed for Trp91
and Trp98, whereas spectral changes in the W16 band in Trp91
were distinct from that of Trp98 (Figure le,f). These results
suggest that electrostatic interactions between the [2Fe—2S]
cluster and 7 orbital of the indole side chain, with the closest
distance of about 4.5 A, contribute to the W16 band intensity of
Trp91. The observed increase in Trp91 W16 intensity can be
interpreted as a decrease in cation—7 interactions upon
reduction.

The W3 frequency of Trp residue is correlated with the Trp
%" dihedral angle.**>® The dihedral angle, predicted based on
the W3 frequencies of Trp98, was similar to that determined
using X-ray crystallography.*® However, the W3 band
frequency of Trp91 was high. The frequency of the W3
vibration of Trp91 was further upshifted upon reduction.
Juszczak and Desamero proposed that weak electrostatic
interactions, such as anion—quadrupole, cation—z, and

dx.doi.org/10.1021/bi201526y | Biochemistry 2011, 50, 9468—9474
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aromatic face—edge interactions, influence the W3 frequency of
Trp.3’8 Similarly, electrostatic interactions between the [2Fe—
28] cluster and 7 orbital of indole side chain may contribute to
the W3 band frequency of Trp91. The further upshift in the
reduced state of the protein may be attributed to changes in
interactions between the [2Fe—2S] cluster and Trp residue.

Our UVRR results showed that Tyr residues experience no
alterations upon redox change, clearly suggesting that hydrogen
bond and nonbonded contacts of Tyr residues with
neighboring amino acids are not affected upon reduction.

Conformational Changes upon DNA Binding. Upon
binding of SoxR to DNA, the DNA-binding domain undergoes
an outward rotation of ~9°, and the Fe—S cluster-binding
domain receives an outward rotation of =6° resulting in
widening of the distance between the a2 and a2’ helices. The
a5 helix connecting both domains exhibits an inner helical
twist, leading to a change in the relative positions of
dimerization helices.”® UVRR results disclose that Trp residues
undergo small environmental changes upon DNA binding,
consistent with the X-ray crystal structure showing that the
hydrogen bond of Trp91 and nonbonded contacts of Trp91
and Trp98 are not affected. This finding suggests that the
individual domains of DNA-free and -bound SoxR do not
present significant structural differences. An analogous set of
interactions has been reported for the MerR family of drug-
bound BmrR—DNA complexes.”® Upon DNA binding, BmrR
undergoes conformational changes in terms of remodeling of
the coiled-coil @S helix and significant inward movement of the
wing. However, the individual DNA-binding and drug-binding
domains of DNA-free and DNA-bound BmrR are structurally
similar.

Following DNA binding, UVRR spectra of the protein
exhibited significant changes in terms of Tyr, but not Trp
bands. Parts A and B of Figure 4 depict magnified images of the
environment of Tyr residues in the DNA-free and bound forms,
respectively. Tyr31 in the DNA recognition helix (@2) and
Tyr49 in the loop between helices a2 and a3 are absolutely
conserved among not only SoxR proteins but also other
members of the MerR family, including MerR, CueR, ZntR,
Mta, and BmrR. Tyr56 in the a3 helix is not conserved and
exposed to solvent. In the DNA-free form, OH of Tyr31 forms
a hydrogen bond with nitrogen of GIné4. Upon DNA binding,
rotation of Tyr3l is accompanied by rearrangement of the
hydrogen bond from GIn64 to the phosphate backbone of
DNA. On the other hand, Tyr49 forms hydrogen bonds with
Arg47 and Glu32 in the DNA-free protein. Upon DNA
binding, Tyr49 is surrounded by hydrophobic residues,
concomitant with cleavage of the hydrogen bond. Instead,
Arg47 donates a hydrogen bond to the phosphate backbone
DNA and may be functionally important in stabilizing the
activated DNA conformation.”® Similar conformational changes
have been reported for other proteins of the MerR family,
including BmrR,*° MtaN,'” and MerR.>' UVRR results revealed
decreased intensities of the Y9a, Y8b, and Y8a bands. Model
compound studies have clarified that the intensity and
frequency of Tyr bands are influenced by the strength of the
hydrogen bond.>** Therefore, it is reasonable to assume that
the changes in hydrogen bonding of Tyr49 trigger spectral
changes upon DNA binding.

Conformational Changes of Trp and Tyr Residues
upon Reduction of DNA-Bound SoxR. UVRR spectral data
indicate that the conformational changes upon reduction of
DNA-bound SoxR are not significantly different from those of
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Figure 4. Crystallographic structure of SoxR. Close-up the region near
the Tyr residues (A) DNA-free form of SoxR. (B) SoxR—soxS
promoter complex. These structures were produced with PyMol using
a structure from the Protein Data Bank (PDB ID 2ZHG and 2ZHH:
ref 26).

the DNA-free form. This result has important implications for
the function of SoxR. Reduction of the [2Fe—2S] cluster
triggers significant changes in the environment around Trp9l
and Trp98, which may induce interdomain reorganization
required for DNA distortion. However, this process does not
affect the environment around Tyr31l, Tyr49, and TyrS6.
Notably, the hydrogen bond interaction between Tyr31 in the
a2 helix and the phosphate backbone of DNA remains
unaltered in the reduced form, suggesting that this bond is
not important for redox-dependent regulation of structural
transition in the activated DNA conformation.

Electrochemical studies have shown that the reduction
potential of SoxR bound to the promoter DNA is positively
shifted dramatically from —290>* to 200 mV.** The shift (490
mV) is possibly derived from the conformational distortion
induced by binding of reduced SoxR to DNA. The coordinate
and electronic structures of the [2Fe—2S] cluster of SoxR are
altered upon DNA binding but do not directly reflect changes
in the Trp environment.

Propagation of Structural Changes from the [2Fe—2S]
Cluster to DNA Distortion. Structural alterations of the
[2Fe—2S] cluster of SoxR induced by redox changes are
communicated to the DNA-binding domain, leading to target
promoter DNA distortion. The redox-dependent structural
fluctuation of [2Fe—2S] cluster proteins has been studied in
oxidized and reduced ferredoxin and putidaredoxin structures
with high-resolution X-ray crystallography.>>*® In both
proteins, the [2Fe—2S] cluster is shielded from the solvent
by surrounding residues. The bridging and cysteinyl sulfur
atoms are hydrogen-bonded to the backbone amide. Reduction
of the prosthetic group significantly affects this hydrogen bond.
The additional negative charge on the sulfur atoms attracts the
amides of the main chain and increases charge repulsion with
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the oxygen atom. This is consistent with theoretical
calculations, where most of the added charge in the reduced
[2Fe—2S] cluster is evenly distributed between the bridging
and cysteinyl sulfur atoms and compensated by the NH--S
hydrogen bond.%” In the [2Fe—2S] cluster of SoxR, the lower
sulfur atom (S1) is hydrogen-bonded to the amide of Gly123
and displays van der Waals interactions with amides of Cys124
and Leul2S, whereas the other side of S2 is fully exposed to
solvent. Upon reduction, an additional negative charge on the
S1 atom may attract main-chain amides. The conformational
changes affect the [2Fe—2S] cluster binding loop of Gly123,
which, in turn, would pull up ArgS5’ in the @3’ helix, thereby
altering the structure of the DNA-binding domain. The above
sequential events may induce considerable changes in the
Raman spectra of Trp91. An analogous set of events in drug-
bound BmR—DNA complex appears crucial for transcription
activation. These interactions may thus be common to all MerR
family regulators.>®

B CONCLUSIONS

UVRR analysis of the oxidized and reduced forms of the [2Fe—
28] transcription factor, SoxR, has facilitated new insights into
the structural basis of the general mechanism of transcriptional
activation by the MerR family. Our results support significant
environmental changes for Trp91 and Trp98 in the long
dimerization region upon reduction. In contrast, the environ-
ment around Tyr in the DNA-binding domain is barely altered.
These findings confirm the importance of interactions between
Trp91 and the [2Fe—2S] cluster binding loop.
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