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ABSTRACT: KorB is a member of the ParB family of bacterial partitioning proteins. The protein encoded
by the conjugative plasmid RP4 is part of the global control circuit and regulates the expression of plasmid
genes, the products of which are involved in replication, transfer, and stable inheritance. KorB is a
homodimeric protein which binds to palindromic 13 bp DNA sequences [5′-TTTAGC(G/C)GCTAAA-3′]
present 12 times in the 60 kb plasmid. Each KorB subunit is composed of two domains; the C-domain is
responsible for the dimerization of the protein, whereas the N-terminal domain recognizes and binds to
the operator sequence (OB). Here we describe results of a Raman spectroscopic study of the interaction
of the N-domain with a double-stranded model oligonucleotide composed of the palindromic binding
sequence and terminal 5′-ABrU and AG-3′ bases. Comparison of the Raman spectra of the free KorB
N-domain and OB DNA with the spectrum of the complex reveals large differences. KorB-N binds in the
major groove of the OB DNA, and the interactions induce changes in the DNA backbone and in the
secondary structure of the protein.

Plasmid RP4 is a member ofEscherichia coliincompat-
ibility group P (IncP-1R) (1, 2). It is a self-transmissible,
broad host range, resistance plasmid of∼60 kb. IncP-1R
plasmids are capable of conjugative DNA and protein transfer
and maintain themselves in a wide variety of Gram-negative
bacteria. Because of this promiscuity, they are of particular
interest. Regulatory proteins KorB, KorC, KorA, and TrbA
are major factors in control and coordination of replication,
transfer, and partitioning functions (3-7) and contribute to
a large extent to the survival strategies of IncP-1R plasmids.
KorB plays a direct role in the partitioning of plasmid RP4
and functions as a transcriptional repressor of RP4 genes. It
is a member of the ParB family of proteins that are encoded
on plasmids and bacterial chromosomes and are involved in
genome partitioning (8-11).

KorB, an acidic protein, is composed of 385 amino acids
(39 011 Da) and exists in purified form as a dimer in solution
(12). OB,1 the operator sequence [5′-TTTAGC(G/C)GCTAAA-

3′] of KorB, occurs 12 times in the RP4 genome and 11
times in the related IncPâ plasmid R751. The 12 OB sites
were classified according to their positions relative to RP4
promoters in three classes. Class I sites are located 39/40
bp upstream of a transcription start site, and class II sites
map further upstream or downstream of promoters within
80-190 bp of a transcription start site. KorB represses
promoters carrying these OB sites (4, 5, 13-15). Class III
OB sites are more than 1 kb away from any known promoter,
and whether KorB has effects on these sites has not been
elucidated. KorB acts cooperatively with KorA in transcrip-
tional repression of thekilA, trfA, andkorABoperons. KorB
is also involved in the negative control ofkilB operons.
According to their affinity for KorB, the 12 OB sites are
divided into three groups. Protein IncC1, a ParA analogue,
enhanced binding of KorB to 11 of the 12 OB sites (except
OB3). It was suggested that IncC1 influences the multimeric
state of KorB and thus its binding to OB DNA and flanking
sequences.

The KorB monomer is composed of two domains, KorB-N
and KorB-C. Clones were constructed expressing KorB-N
and KorB-C separately, and the three-dimensional structure
of KorB-C, consisting of 62 amino acids, was recently
elucidated (2). KorB-C is mainly responsible for the dimer-
ization of the protein, whereas KorB-N represents its DNA
recognition and binding domain.

In this study, we analyze by Raman spectroscopy the
binding of KorB-N to the 17 bp DNA segment (5′-ABr-
UTTTAGCGGCTAAAAG-3′/5′-CBrUTTTAGCCGCTAA-
AABrU-3′) modeling an OB binding site of KorB. The 17 bp
DNA contains two palindromic binding sites composed of
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six base pairs, top strand sequences 5′-TTTAGC and
5′-GCTAAA, separated by a central GC base pair. Three
5′-Br-substituted uridine residues were inserted instead of
thymines at the flanking terminal base pairs to facilitate the
ongoing crystallographic analysis. The 17 bp DNA binds two
KorB-N molecules. KorB-N is a recombinant protein com-
posed of 178 amino acids comprising residues R117-K294
of the RP4 KorB sequence. A Raman difference spectrum
was obtained by subtraction of the spectra of isolated KorB-N
and 17 bp DNA from the spectrum of the KorB-N-DNA
complex, revealing large spectral changes induced by
complex formation.

MATERIALS AND METHODS

Chemicals. Isopropyl â-D-thiogalactopyranoside (IPTG)
and ampicillin were obtained from Roth (Karlsruhe, Ger-
many). All other chemicals were purchased from Merck
(Darmstadt, Germany). Superdex 75, HiTrap Heparin, and
Mono Q columns were from Amersham-Pharmacia (Freiburg,
Germany).

Preparation of KorB-N, DNA, and the KorB-N-DNA
Complex for Raman Measurements.A gene encoding
KorB-N was overexpressed inE. coli, after induction with
IPTG, and its product was purified in a manner similar to
the preparation of wild-type KorB described elsewhere (3).
For spectroscopic measurements, the samples were finally
purified by gel filtration through a Superdex 75 column,
equilibrated with 20 mM Tris-HCl (pH 7.6) and 50 mM
NaCl. The protein samples were further concentrated in 5K
MWCO Ultrafree Millipore tubes. Protein concentrations
were determined from the absorbance at 280 nm using an
extinction coefficient of 13 940 M-1 cm-1 (calculated using
the Expasy server).

Oligonucleotides were purchased from Biotez (Berlin,
Germany). Concentrations of DNA were determined spec-
trophotometrically using an extinction coefficientε260 of
271 222 M-1 cm-1. Equimolar amounts of each strand were
mixed, heated to 95°C, annealed by slow cooling, and
purified by gel filtration using a Superdex 75 column
equilibrated in 20 mM Tris-HCl buffer (pH 7.6) and 50 mM
NaCl. Peak fractions were concentrated in 5K MWCO
Ultrafree Millipore tubes.

The KorB-N-DNA complex was prepared by mixing
KorB-N and 17 bp OB DNA in a 2:1 molar ratio and
subsequent gel filtration. The column and the buffer that were
used were the same as in the final purification steps described
above for the individual components. The samples were
concentrated in a Millipore Ultrafree centrifugal filter device.
The concentration of the complex was determined by
measuring the absorbance at 260 nm and using the DNA
extinction coefficient.

Raman Spectroscopy.Samples of approximately 15µL
were sealed in homemade cuvettes consisting of cylindrical
quartz bodies with quartz bottom windows and Teflon
stoppers. The concentrations were 15.4 mg/mL for DNA,
22 and 34.2 mg/mL for KorB-N, and 62 and 59 mg/mL for
the KorB-N-DNA complex. Raman spectra were excited
with the 488 nm line of a Coherent Innova 90 argon laser
using 100 mW of radiant power in the sample space. Spectra
were collected at 22°C on the model T64000 Raman
spectrometer (Jobin Yvon) in a single mono configuration

equipped with a liquid nitrogen-cooled charge-coupled-
device (CCD) detector. Fifteen spectra, each measured for
120 s, were accumulated and averaged to produce the spectra
shown in Figures 1-3. To exclude all possible drifts of the
wavenumber scale during the measurements, a calibration
spectrum was collected after each 120 s accumulation step
of sample spectra. The description of the calibration proce-
dure is given below.

Raman data analyses, including all spectra manipulations,
were performed with the software packages LabSpec (Jobin
Yvon) and GRAMS (Thermo Galactic). Solution spectra
were corrected by subtraction of the buffer spectrum and
fluorescence background that was approximated by a poly-
nomial curve. For calculation of the difference spectrum,
intensity differences between the spectra of isolated com-
ponents and the KorB-N-DNA complex must be minimized.
To achieve this, at first the spectra of isolated components
were normalized with respect to the Raman band near 1092
cm-1. The 1092 cm-1 band is assigned to the P-O stretching
vibration of the phosphodioxy group (PO2

-) and was shown
to be invariant upon binding of the repressor protein to
operator DNA (16). Then, the normalized but not otherwise
corrected experimental spectra of 17 bp DNA and KorB-N
were subtracted from the spectrum of the KorB-N-DNA
complex. In the next steps, the buffer spectrum and, finally,
fluorescence background were removed.

Difference bands are considered significant when the
following criteria are fulfilled. (i) Their intensity is at least
2 times higher than the signal-to-noise ratio, and (ii) the
difference bands reflect intensity changes of at least 5% of
their parent bands.

Calibration.For the comparison of Raman spectra and for
the calculation of difference spectra, the accuracy of the peak
positions is crucial. Several factors can influence the wave-
number accuracy; moving of the grating especially could be
a source of minor shifts which cannot be avoided by standard
calibration procedures. To guarantee a high accuracy of the
calibration, it is necessary to collect a calibration spectrum
with sharp lines of exactly known peak positions immediately
after each sample measurement. The neon glow lamp as an
emission source provides an ideal calibration spectrum. It is
composed of many lines that are suitable for calibration in
the 489-640 nm region. Argon or mercury might be present
as contaminations in some lamp fillings and provide ad-
ditional lines which are useful for calibration purposes.

The calibration of the sample spectrum is performed in
four steps by our program BERKAL1: (i) determination of
the accurate peak positions in the neon glow lamp calibration
spectrum, (ii) assignment of these peaks to the tabulated lines
of neon (argon and mercury), (iii) least-squares fit of
wavenumber versus pixel position for the identified lines,
and (iv) conversion of the sample spectrum pixel scale to
the wavenumber scale.

During the first step, the program finds the positions of
all peaks in the neon glow lamp calibration spectrum which
are significantly higher than the noise (typically∼50 peaks).
Then, these peak positions are refined up to subpixel
resolution by Gaussian curve fitting. In the second step, the
program assigns some peaks of the calibration spectrum to
the tabulated lines (the program contains a table of suitable
selected spectral lines with their wavelengths and positions
on the pixel scale of a virtual CCD detector with 10 300
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pixels). The pixel peak positions only and not the peak
intensities are used for the assignments. After step ii, the
program has information about the pixel positions and
corresponding wavenumbers of approximately 10 peaks
(where the wavenumber is the Raman shift between the
wavelength of the neon line and the laser excitation line).
The pixel-wavenumber data pairs are fitted by a cubic
polynomial that is used for the conversion of the sample
spectrum from the pixel scale into the precise wavenumber
scale.

RESULTS AND DISCUSSION

Raman Spectrum of the Unbound 17 bp OB DNA. The
Raman spectrum of the 17 bp OB DNA in the 600-1760
cm-1 wavenumber region is shown in Figure 1. Wavenumber
positions of the major peaks as given in the figure are in
accordance with those given previously in the literature (refs
17-20 and references therein).

The backbone conformation markers at 830 and 1092 cm-1

are diagnostic of B-DNA (18), and the nucleoside conforma-
tion markers at 670 (dT), 682 (dG), 729 (dA), 752 (dT), and
1256 cm-1 (dC) identify C2′-endo/anti conformers. The
spectrum is the signature of the OB DNA model and provides
the basis for the interpretation of the difference spectrum.

Raman Spectrum of KorB-N.Figure 2 shows the Raman
spectrum of KorB-N with wavenumber positions of the major
peaks, and peak assignments of amide I (1640-1680 cm-1)
and amide III bands (1230-1300 cm-1), bands of aromatic
and nonaromatic amino acids, and theR-helical skeletal mode
(∼935 cm-1). Assignments were made according to the
literature (refs21 and22 and references therein).

Secondary Structure of KorB-N. R-Helices are the principal
type of secondary structure of KorB-N as indicated by
positions of main chain vibrations of the amide I and amide
III bands. The prominent amide I peak centered at 1653 cm-1,
the intensity at 1273-1302 cm-1 in the amide III region,
and the high intensity in the C-C stretch region around 940
cm-1 indicate a high content ofR-helices. The 1237 cm-1

shoulder of the amide III peak at 1249 cm-1 points to a minor
contribution of â-structures to the spectrum. The intense

amide III band at 1249 cm-1 and the shoulder of the amide
I band near 1678 cm-1 indicate the presence of irregular and
turn structures.

EnVironment of Tyrosine Side Chains.A tyrosine doublet
at ∼850 and∼830 cm-1 is caused by Fermi resonance of
the normal modeν1 (ring breathing fundamental) and the
second harmonic 2ν16a (ring deformation overtone) of the
para-substituted phenolic side chain (23). The I850/I830

intensity ratio is sensitive to hydrogen bonding of phenolic
OH groups and, therefore, an indicator of the tyrosine
environment. In the spectrum of KorB-N, a sharp peak
appears at 826 cm-1 and a rather broad peak around 858
cm-1 at the position of the tyrosine doublet. TheI858/I826

intensity ratio of 1.5 is in the range expected for tyrosines
acting as both the donor and acceptor of moderately strong
hydrogen bonds as is the case when they are exposed to
solvent H2O molecules (23). The sharp 826 cm-1 peak
obviously belongs to the Fermi doublet of Y2 and Y21, the
two tyrosines present in the chain of KorB-N. The broad
858 cm-1 peak can be decomposed into two bands at 854
and 864 cm-1. The 864 cm-1 band possibly arises from an
aromatic side chain that is yet to be assigned.

Tryptophan. Two Trp residues, W7 and W114, contribute
to the spectrum of KorB-N (Figure 2). Indole ring vibrations
of W7 and W114 cause the peak at 879 cm-1 (called the
W17 mode) and a 1367 cm-1 shoulder of the 1342 cm-1

peak. The 879 cm-1 band position in the KorB-N spectrum
is indicative of exposed Trp residues with hydrogen bonds
of medium strength between the exocyclic Trp 1NH donors
and water molecules. The Trp vibrations are sensitive to the
indole ring environment; buried residues form sharp intense
peaks, whereas the intensity is low for exposed residues. For
the W17 mode, a frequency range between 883 and 871 cm-1

was observed; without H-bonding at the N1 site, this band
is located at 883 cm-1, and at 871 cm-1 with strong
H-bonding (24).

The frequency of the Trp band near 1550 cm-1 (called
the W3 mode) assumes values between 1542 and 1557 cm-1

depending on the absolute value of the CRCâC3C2 torsion
angle |ø2,1| which varies between 60° and 120° (25). The
1552 cm-1 position of the Trp band indicates an average
|ø2,1| value of∼90° for the two Trp residues of KorB-N.

FIGURE 1: Raman spectrum of a 17 bp oligonucleotide designed
as an operator DNA model (5′-ABrUTTTAGCGGCTAAAAG-3′/
5′-CBrUTTTAGCCGCTAAAABrU-3′) in the region 600-1750
cm-1. The sample buffer is 20 mM Tris (pH 7.6) and 50 mM NaCl;
data were collected at 22°C. Peak positions of prominent Raman
bands are labeled. Wavenumbers are accurate to within(0.5 cm-1.
Abbreviations are as follows: G, guanine; T, thymine; C, cytosine;
A, adenine; U, uracil; bk, deoxyribose backbone.

FIGURE 2: Raman spectrum of KorB-N in the region of 600-1750
cm-1. The sample buffer is 20 mM Tris (pH 7.6) and 50 mM NaCl;
data were collected at 22°C. Peak positions of prominent Raman
bands are labeled with the respective wavenumbers. Wavenumbers
are accurate to within(0.5 cm-1. One-letter code is used for amino
acids. Abbreviations are as follows: CH2, methylene; CH3, methyl;
C-C, carbon-carbon bond.

14478 Biochemistry, Vol. 42, No. 49, 2003 Dostál et al.



Raman Analysis of the KorB-N-DNA Complex.The
Raman spectrum of the KorB-N-DNA complex is shown
at the top of Figure 3 (black trace). The green trace represents
the DNA spectrum from Figure 1, and the red trace is the
KorB-N spectrum from Figure 2. The blue trace is the
difference spectrum obtained by subtraction of the component
spectra (green and red traces) from the spectrum of the
complex (black trace). A positive difference peak indicates
an increased Raman intensity at the respective wavenumber
region in the spectrum of the complex compared to the sum
of component spectra, and a negative trough is caused by a
lower intensity in the spectrum of the complex.

The amplified and, for clarity, smoothed difference
spectrum from Figure 3 (blue trace) is shown in Figure 4
and used for the further analysis. The features of the
difference spectrum provide information about conforma-
tional changes, structural rearrangements, and interactions
between DNA and protein. A reliable and detailed interpreta-
tion of the difference bands is easier in spectral regions with
separate vibrations of DNA and protein and difficult where
bands of both components overlap.

Backbone and Deoxynucleoside Conformation of the DNA.
The 600-900 cm-1 region contains Raman markers with a
deoxynucleoside conformation and DNA backbone geometry
(18). The peaks at 670 and 682 cm-1 in the spectrum of the
OB DNA (Figure 1) are thymine and guanosine nucleoside
conformation markers, respectively, for B-DNA and sensitive
to an altered deoxynucleoside conformation. In the difference
spectrum, there is a peak at 669 cm-1 and a trough at 674
cm-1. This feature possibly reflects a minor downward shift
of the 670 cm-1 thymine band. A difference feature with a
peak at 726 cm-1 and a trough at 732 cm-1 is observed,
indicating a downward shift of the 729 cm-1 adenosine
marker band. The peak at 749 cm-1 is probably caused by
a downshift or intensity change of the 752 cm-1 band of
thymidine. Altogether, these difference features are evidence
of an altered deoxynucleoside conformation of thymidine and
adenosine in the complex.

A 782 cm-1 peak in the Raman spectra of DNA is assigned
to cytosine, and a 794 cm-1 peak is assigned to a stretching
vibration of backbone phosphodiester groups and diagnostic
of B-DNA backbone geometry, specifically of torsion angles
R andú in the gauche- range (26). The 782 cm-1 cytosine
and 794 cm-1 backbone bands overlap in the OB DNA
spectrum to a large 786 cm-1 peak. In the difference
spectrum, a prominent derivative feature (∼20% relative
intensity change) with a peak at 782 cm-1 and a trough at
790 cm-1 is located in this region. The difference feature
may be caused by changes in one or both bands signalizing
cytosine interactions and/or changes in the backbone con-
formation.

In the difference spectrum, a clear derivative feature is
present with a trough at 822 cm-1 and a peak at 829 cm-1.
In this region, the 830 cm-1 B-DNA backbone band and the
826 cm-1 peak of tyrosine overlap; therefore, this difference
feature could be caused by DNA and/or protein contributions.
The derivative feature suggests an intensity shift centered
near 826 cm-1 and therefore points to a minor frequency
change of the Tyr band. Another possible explanation is a
shift to higher wavenumbers of the GC conformation marker
band because of its location at 828( 2 cm-1 (16, 18).

Deoxyribose Ring and Protein CH2 and CH3 Vibrations.
Furanose vibrations were identified in Raman spectra of
DNA at 1419 and 1455 cm-1 and assigned to backbone
vibrations (26). In the spectrum of the 17 bp OB DNA, the
peak positions of these bands are at 1421 and 1463 cm-1,
and a further minor peak is located at 1444 cm-1. Protein
bands are also located in this spectral region. A COO-

symmetric stretch vibration causes the 1402 cm-1 peak; a
band at 1424 cm-1 reflects CH2 and CH3 deformations, and
at 1446 cm-1, CH2 scissoring modes are found. Therefore,
the difference features observed between 1418 and 1452
cm-1 may be assigned to backbone vibrations of the DNA
and/or changes in the protein. These backbone vibrations are
mainly caused by 2′-CH2 scissoring vibrations of the furanose
residues which, coming in contact with protein side chains,
are influenced and give rise to the observed difference
feature. Also, CH2 and CH3 scissoring modes of the protein
side chains may contribute to the difference spectrum. The
contributions of the DNA may potentially be caused by
alterations of the DNA helix geometry as induced by bending
and/or unwinding as described for a SRY HMG box-DNA
complex (26).

FIGURE 3: Raman spectrum of KorB-N in complex with 17 bp
operator DNA (KorB-N-DNA) in the region 600-1750 cm-1

(black trace). The red trace shows the Raman spectrum of the
isolated protein from Figure 2. The green trace shows the Raman
spectrum of DNA from Figure 1. The blue bottom trace shows the
computed difference spectrum obtained by subtraction of the
isolated component spectra from the experimental spectrum of the
complex. The spectra are normalized to represent the same amounts
of protein and DNA in the complex and in the free form.

FIGURE 4: Enlarged Raman difference spectrum (blue bottom trace
from Figure 3). The spectrum was smoothed using the 11-point
Savitsky-Golay algorithm.
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Major GrooVe Binding of KorB-N.Protein-DNA com-
plexes studied by Raman spectroscopy provide examples of
major groove binding, minor groove binding, and interaction
with single-stranded DNA (16, 19, 20, 26-29). Recently,
Raman markers of different protein-DNA recognition motifs
were proposed (19). Comparison of features of the KorB-
N-DNA difference spectrum with proposed Raman markers
will be discussed below.

Raman bands in the interval of 1300-1750 cm-1 are
sensitive to specific interactions of major groove-binding
proteins with DNA bases (19, 20, 28, 29). Several features
of the KorB-N-DNA difference spectrum indicate major
groove binding.

The prototype Raman marker of protein-DNA interaction
in the major groove is considered the guanine band near 1490
cm-1. At this spectral position, Raman intensities of G and
A overlap, with a significantly larger contribution from G.
Therefore, in the spectra of DNA, the intensity of this band
strongly depends on the base composition of the DNA. For
DNA composed of only A and T base pairs, the band is weak
and located at 1482 cm-1 (30). This band shifts to near 1470
cm-1 upon donation of a hydrogen bond to the N7 guanine
ring acceptor (16, 20, 28), resulting in a characteristic
derivative band profile with a difference peak at∼1470 cm-1

and a trough at∼1490 cm-1. Such a derivative band profile
is clearly missing in the difference spectrum of the KorB-
N-DNA complex. Instead, in this spectral region, a large
trough at 1482 cm-1 and a large peak at 1495 cm-1 are
observed. Therefore, according to this criterion, we have no
evidence for direct participation of guanine N7 in KorB-N
binding. Also, the observed difference feature is not caused
by purine unstacking which would yield a difference peak
at 1494 cm-1 (19, 26) but not the observed difference feature.
Further possible explanations include minor groove binding
of KorB-N and changes of the adenine vibration near 1485
cm-1. Because major groove binding is indicated by estab-
lished Raman markers (see below), minor groove binding is
not likely. However, contacts of KorB residues with adenine
bases in the major groove or a reduced level of fraying (see
below) might be responsible for the observed difference
feature provided that very pronounced perturbation of the
weak adenine band is induced by those effects.

Major groove binding of proteins may cause a reduction
in Raman intensity at 1717 cm-1 that can be attributed to
guanine O6 interactions (16, 28) and lead to a trough in the
difference spectrum. For the free DNA, a corresponding band
is identified at 1714 cm-1, and in the difference spectrum, a
derivative feature with a trough at 1704 cm-1 and a peak at
1719 cm-1 is observed. The difference feature indicates a
surprisingly large change in the relative intensity and position
of the G O6 band and provides an argument for major groove
binding of KorB-N.

The adenine and guanine Raman marker bands at 1344
and 1578 cm-1 exhibit large effects upon protein binding
(26, 31) and probably cause the large difference troughs at
1337 and 1579 cm-1. In the case of significant purine
unstacking, an intensity increase for the 1344 and 1578 cm-1

bands and corresponding difference peaks in these spectral
regions would be visible. However, difference peaks at
∼1340 and∼1585 cm-1 are missing, and therefore, no
significant purine unstacking is induced by KorB-N binding.

From experiments in which temperature effects on the
Raman spectrum of poly(dA-dT)‚(dA-dT) were analyzed,
Raman markers were identified for premelting and melting
transitions of AT-rich DNA sequences. Hydrogen bonding
interactions between the bases and the geometry of the
phosphodiester backbone are perturbed throughout the pre-
melting (32). The most significant perturbation during
premelting was observed near 1340 cm-1 in the band of
adenine, which shifts from 1345 to 1330 cm-1 (1345 f
1330). Other significant temperature-dependent changes in
adenine bands emerged near 1578 (1579f 1571), 1511
(1516 f 1502), and 1485 cm-1 where a large increase in
intensity was observed. During complex formation, an
opposite effect could be expected, provided that binding of
the protein is connected with increased stability of terminal
A‚BrU base pairs which are fraying to some extent in the
free DNA. Increased stability of the base pairs should cause
a frequency shift of the 1330 and 1571 cm-1 adenine bands
to 1344 and 1578 cm-1, respectively, and a significant
hypochromic effect. This explains the observed troughs near
1337 and 1578 cm-1.

This interpretation is encouraged by the appearance of the
trough at 1618 cm-1 assigned to bromodeoxyuridine. Bro-
modeoxyuridine is located at the ends of both strands of the
oligonuclotide and base-paired with adenine. A reduced level
of fraying of those A‚BrU base pairs should have a hypo-
chromic effect on the 1620 cm-1 uridine band, and the
reduced Raman intensity should cause a trough at this
position as observed in the difference spectrum.

In DNA spectra, a peak at 1378 cm-1 is assigned to the
thymine exocyclic C5H3 group. Increased hydrophobicity in
the surrounding thymine C5H3 groups increases the intensity
of the 1378 cm-1 band, as observed in the wild-typeλ
repressor-operator DNA complex (16), where the thymine
C5H3 groups are shielded by hydrophobic side chains of the
repressor. Similarly, the difference spectrum of the KorB-
N-DNA complex shows a large difference peak at 1380
cm-1 indicating shielding of thymine C5H3 groups from the
water environment. A small wavenumber shift from 1376
to 1380 cm-1 might be caused by an additional, still
unidentified effect, e.g., interaction with protein groups. Thus,
the 1380 cm-1 difference peak is consistent with KorB-N
binding in the major groove. The interaction with thymine
is further supported by a very large and sharp trough at 1668
cm-1 at the position of the thymine band at 1672 cm-1.

The trough at 1012 cm-1 is located near the positions of
the guanine/thymine band at 1015 cm-1 and of the 1009 cm-1

Trp shoulder of the sharp Phe band at 1003 cm-1. A similar
trough was observed for the omega-operator DNA complex
involving a protein without Trp (31). Therefore, this differ-
ence peak may indicate interaction of guanine and/or thymine
with KorB-N and can be considered a further hint of
interactions of those bases in the major groove.

Changes in Side Chains of Nonaromatic Amino Acids of
KorB. The difference spectrum of the KorB-N-DNA
complex reveals perturbations in Raman bands of nonaro-
matic amino acids (C-C and/or C-N stretch, CH2 and CH3

vibrations) (21). Relevant features are a difference peak at
760 cm-1 (possible contributions of Trp and CH2 rock of
several amino acid side chains), difference features around
930 cm-1 (CH3 symmetric rock), a broad difference trough
at 1070 cm-1 (C-O stretch of serine, threonine, glutamic
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acid, and aspartic acid, C-C stretch of alanine and lysine,
and C-N stretch of proline, with possible problems related
to buffer subtraction and potential overlapping of the PO2

-

vibration), a peak at 1124 cm-1 (C-C stretch of valine,
leucine, and isoleucine), a trough at 1177 cm-1 (CH3

symmetric rock, contribution of Tyr), and the troughs at 1337
cm-1 (lysine CH2 twist/rock, alanine CH2 bend, and a large
contribution from DNA as discussed above) and 1452 cm-1

(C-C stretch and contribution from the 2′-CH2 scissoring
vibration of the DNA backbone). The large trough at 1452
cm-1 surrounded by small peaks on both sides shows
widening and a slight shift of the 1446 cm-1 parent band
assigned to CH2 and CH3 deformation vibrations. These
perturbations show changes in the conformation of nonaro-
matic amino acid side chains. This may indicate structural
rearrangements of KorB upon complex formation as well as
interaction with OB DNA.

Secondary Structure Changes of KorB-N.The difference
spectrum of the KorB-N-DNA complex reveals significant
but not very large spectral changes in the region between
1200 and 1340 cm-1 where the intensive bands of KorB-N
(amide III, CH2 twist/wag) overlap with the wide, intense
1256 cm-1 band of cytosine and thymine of the 17 bp OB

DNA. Thus, vibrations of protein, DNA, or both components
of the complex can cause the observed features of the
difference spectrum. The situation is similar in the 1640-
1690 cm-1 region, where the intensive amide I protein bands
overlap with guanine and thymine bands. In the interpretation
of any change in secondary structure of KorB-N, possible
contributions of DNA to the amide I and amide III regions
must be taken into account.

In the 1200-1340 cm-1 region, troughs around 1207,
1252, 1298, 1317, and 1337 cm-1 are present; difference
peaks are at 1215, 1237, and 1282 cm-1. The trough at 1207
cm-1 can be assigned to Tyr and was discussed above.

The 1252 cm-1 trough is possibly caused by the dimin-
ished intensity of the amide III band at 1249 cm-1, pointing
to a reduction of unordered structures. Alternatively, changes
in the 1256 cm-1 cytosine/thymine band must be considered
the cause of the 1252 cm-1 trough. The large difference
trough at 1668 cm-1 provides a further hint of the confor-
mational changes reducing turns and irregular structures in
the secondary structure of KorB-N.

Another difference feature in the amide III region is
composed of a 1298 cm-1 trough and 1282 cm-1 peak.
Amide III bands at 1273 and 1302 cm-1 are assigned to
R-helices. The observed difference feature may be caused
by intensity and/or frequency shifts of the helix vibrations,
reflecting conformational changes in the protein, including
helical structures. Of course, contributions from DNA might
play a part in the formation of the difference feature.

Changes inR-helical structures are also suggested by the
difference peaks at 937 and 1647 cm-1. These difference
peaks are at the 935 cm-1 band position assigned to the
skeletal mode ofR-helices and in the amide I region close
to the 1653 cm-1 R-helix position, respectively.

Changes in Raman marker bands assigned to amino acid
side chains, amide III bands, and amide I bands indicate
restructuring of turns and unordered structures of KorB-N
in the complex and imply DNA-dependent reorganization
of the KorB-N structure. The observed spectral changes seem

to indicate mainly changes in unordered andR-helix struc-
tures.
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