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Abstract: NMR and fluorescence anisotropy are both valuable tools for studying biomolecular
interactions. NMR can provide structural insights at atomic resolution. Still, it can be wisely complemented
by lower-resolution biophysical techniques, such as fluorescence anisotropy. In this article we report the
combination of NMR and fluorescence anisotropy in establishing novel structure-function insights into the
interaction between two bacterial nucleoid-associated proteins, Hha and H-NS. Hha (H-NS) complexes
are known to play an important role in modulating the expression of some environmentally regulated
genes that confer survival advantage in a particular growth condition.

Resumo: RMN e anisotropia de fluorescéncia sdo ferramentas importantes para o estudo de interacbes
biomoleculares. Apesar da RMN proporcionar uma informacdo estrutural ao nivel atémico, pode ser
complementada por técnicas de menor resolucdo, como a anisotropia de fluorescéncia. Neste artigo é
ilustrado o uso combinado de RMN com anisotropia de fluorescéncia no estabelecimento de novas
relacées funcao-estrutura associadas a interaccdo entre duas proteinas constituintes do nucledide
bacteriano, nomeadamente Hha e H-NS. Os complexos Hha(H-NS) tem um papel modulador sobre a
expressdo de alguns genes responsaveis pela adaptacao a variagbes ambientais.

Introduction supercoiling.? Among these proteins, H-NS is

known to cause DNA compaction, but more

In bacteria, the chromosome is folded into a specifically, for a number of genes, it acts as a
compact structure known as nucleoid. lts versatile transcriptional regulator; usually as a
structural organization is determined by several repressor.3'5 Many of the genes affected by H-
factors, such as DNA  super-coiling, NS are important in enabling the bacteria to
macromolecular  crowding and  nucleoid- adapt to environmental changes, such as
associated proteins. The combined action of temperature and osmolarity variations.® It was
these factors affects dynamically the DNA suggested that H-NS affects gene transcription
topology and compaction. Apparently there is a by interfering with the RNA polymerase ability to
correlation between the way that DNA is twisted find access to specific genes and/or by blocking
and packed, and gene transcription.! Nucleoid- transcription elongation. The H-NS ability to
associated proteins are specifically designed to generate modulatory nucleo-protein structures
modulate the structure of bacterial chromatin by arises from its domain organization.”® H-NS
altering the degree of compaction and levels of consists of an N-terminal protein interacting
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domain, with the ability of forming homomeric
and heteromeric complexes, and a C-terminal
DNA binding domain separated by a flexible
linker that is involved in the formation of high
molecular weight oligomers. Truncated versions
of H-NS that consist of the 64 first amino acids of
N-terminal domain (H-NSg,) are capable of
forming stable homodimers.™

The mechanisms by which H-NS acts as
gene transcription modulator do not exclude the
involvement of other proteins. Recent studies
have led to the idea that it is highly likely that
subsidiary  activator/repressor proteins are
required to achieve specificity in this process.
Protein-protein studies have shown that the
dimerization domain of H-NS (H-NSg;) is
involved in heteromeric interaction with H-NS
related proteins, such as StpA, and with
members of the Hha family of proteins that lack
direct DNA binding ability."""'® The interaction
with Hha appears to be involved in modulating
the expression of several environmentally
regulated genes such as the hly operon, the htrA
gene, or the tra gene from the conjugative
plasmid R27."*"® The ability to interact with Hha-
like proteins is emerging as an important theme
in the mechanism of modulating the expression
of specific genes as a response to environmental
changes. In this paper we present an overview
of NMR and fluorescence anisotropy studies on
the Hha-H-NS interaction, emphasizing the
complementarity of the two techniques to study

protein-protein interactions.'
Experimental

Hha and H-NSg, Production
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His-tagged Hha and H-NSg proteins were
expressed and purified as  previously
described.'” Briefly, competent E. coli BL21
(DE3) cells were transformed with the plasmid
encoding Hha and H-NSg,, and grown at 37°C to
an optical density at 600 nm of near 0.7.
Temperature was shifted to 15°C and protein
expression induced overnight by addition of 1
and 0.5 mM IPTG respectively. Cells cultures
were “pelleted” by centrifugation and then frozen
at -20°C. Hha cell pellets were resuspended in
20 mM Tris, 800 mM NaCl, 5 mM imidazole, 15
mM B-mercaptanol, pH 8.0 and lysed by
sonication (6x10 s) on ice. The lysate was
centrifuged, and the supernatant was collected.
The soluble protein was isolated with Ni-NTA
agarose (Qiagen). The resin was washed with
the same buffer and the protein was eluted by a
solution containing 400 mM of imidazole. For H-
NSes, the lysis and purification steps were
carried out in the presence of 1 M NaCl, 20 mM
B-mercaptanol and 0.5 mM EDTA. Gel filtration
of both freshly Ni-NTA purified proteins were
carried out on a Superdex 75 column in 20 mM
sodium phosphate, 150 mM NaCl, 2 mM DTT,
0.01%(w/v) NaNs, pH 7.0.

NMR experiments

All spectra were collected on a Bruker Avance
600 MHz spectrometer using 1024x128 points
and 48 accumulations. Binding experiments at
variable temperatures of 80-90 pM uniformly "°N-
labelled Hha with H-NSg, were performed in 20
mM sodium phosphate buffer, 150mM NaCl,
2mM DTT and 0.01%(w/v) sodium azide, pH 7.0,
in the presence of 10% (v/v) ?H,0. NMR spectra

were processed using NMRpipe. The free Hha
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cross-peaks assignments were retrieved from
BioMagResBank (BMRB).'®"’

Steady-state Fluorescence experiments
Fluorescence  spectra and  steady-state
fluorescence anisotropy measurements were
carried out with an SLM-Aminco-Bowman AB2
spectro-fluorimeter using an excitation
wavelength of 295 nm to selectively excite Hha
Trp and an excitation bandwidth of 2nm.
Emission spectra were obtained as the ratio
between observed and reference signals
corrected for instrument response using the
apparatus correction software. Final spectra to
be used for quantum yields calculation were
always obtained after background fluorescence
correction. Steady-state fluorescence anisotropy
experiments were performed using an L-Format
setup. Excitation and emission slits were
adjusted at 4 nm and 8 nm respectively, for all
anisotropy measurements. The anisotropy A was

calculated according to equation 1,

A: (Ivv_IthG) Wlth G:Ihv
I, +2(I,,xG) I 1

vh hh

where [, is the fluorescence emission

measured in the plane parallel to the plane of

excitation and [, is the fluorescence emission

measured in the plane perpendicular to the
plane of excitation. G is a correction factor,
which corrects for differential sensitivity of the
detector and emission optics for vertically and
horizontally polarized light. This factor was
determined by comparing the fluorescence
measured with the emission polarizers set to the

horizontal and vertical positions after excitation
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with horizontally polarized light."® All anisotropy
values were corrected for background
fluorescence.

H-NSg, titrations were carried out at 25 °C
with freshly purified Hha and H-NSg, samples, in
the presence of 20 mM sodium phosphate pH
7.0, 150 mM NaCl, 0.01% NaN; (w/v), 1 mM
TCEP. The absorbance of the samples was kept
below 0.05 AU to avoid fluorescence self-
absorption. The sample initially contained 2 mL
of 4 uM Hha and, for each point, 70 pyL of a H-
NSg,4 stock solution was added and incubated for
5 minutes with magnetic stirring before the

measurements.
Results and Discussion

Countless biological processes involve protein-
protein interactions. Identifying the structural
aspects that determine the protein ability to
specifically form non-covalent complexes seems
to be crucial for a mechanistic description of
these processes. In this context, NMR reveals to
be a versatile technique for studying protein-
protein interactions.’® In addition to solving the
structure of complexes, NMR data can be wisely
used to map possible interface regions, as well
as to estimate the affinity, stoichiometry, and
specificity of binding.

HSQC NMR spectra usually present well
resolved cross-peaks that can be mapped to
individual protein residues. Interfaces can be
identified through chemical shift perturbation,
intermolecular cross-relaxation and changes in
accessibility of main chain amide protons

monitored through
20-22

hydrogen-deuterium
exchange.
NMR experiments require relatively high

concentration of isotopically labelled proteins
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and complications may arise due to aggregation

that
concentrations.

processes take place at

Low-resolution

techniques can be used to derive insightful

information, with less experimental demands.
For instance,

are widely used to characterise the interaction

between proteins, even in a high-throughput

mode.?

NMR Titration of "°N-labelled Hha with H-NSs,

Recently, we have used an (because of the

these

biophysical

fluorescence-based approaches
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the the
bacterial nucleoid-associated proteins Hha and
H-NS™. 'H-"®N HSQC spectra of "N-labelled

Hha were recorded in the presence of increasing

characterize interaction between

amounts of unlabelled H-NSg,. It has been
observed that during titration the 'H-'°N cross-
peaks become progressively broader, leading to
a general decrease in intensity of the spectra.
This is clearly depicted in Figure 1, which shows
a superposition of HSQC spectra of free Hha
and of Hha in the presence of 0.5, 1 and 3

equivalents of unlabelled H-NSg,, respectively.

sound of “N”) NMR-based approach to
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Figure 1. 'H-'>N HSQC spectra of free Hha (black) and in the presence of 0.5 (a), 1

NMR line widths are proportional to the

transverse

relaxation

9.7 9.2 87 82 7.7 72 6.7

rates, R, .

These are

9.7 9.2 87 82 77 72 6.7

'H (p.p.m)

unlabelled H-NSe4 (red).

correlation

time, 7, ;

9.7 9.2 87 82 77 7.2 6.7

large 7, cause

(b) and 3 (c) equivalents of

determined by classical relaxation processes
that are sensitive to fluctuations in the ps-ns
timescales and by exchange phenomena that
take place in the ms-us timescales. The former
are dominated by the overall tumbling of the
molecule or its

complex, characterized by
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transverse relaxation, leading to broader NMR
lines.
Exchange phenomena usually involve
processes that stochastically transfer nuclear
spins between different magnetic environments,

which are linked to conformational changes or to
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the complexation process itself. Globally,

transverse relaxation rate is given by:

R,=R, +R,, 2

where R, is the transverse relaxation rate in the

absence of chemical exchange. The transitions
between the two magnetic environments, given

by a certain probability, will produce a loss in the
coherence reflected in the term R, of the

transversal relaxation, and in turn, will contribute
to additional line-broadening.
The line-broadening observed in Hha 'H-

N-HSQC spectra may result from the
increasing of 7. that follows complex formation

and/or from chemical exchange possibilities that
appear in the complex as a result of

complexation.
Chemical exchange in Hha

Let us assume a two-state chemical exchange

process,

3

where the exchange rate constant is defined as
k, =k_+k, 4

The kinetics of the exchange process and the
chemical shift differences between the
exchanging sites determine different chemical
exchange regimes. When the exchange
frequency is lower than the frequency difference
of the exchanging sites, two separate signals are

observed. This corresponds to the slow
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. . |a)A_wB|
exchange regime, i.e. ——>>1. As

ex
exchange rate increases, the lines broaden, and
coalesce when the exchange rate nears the
between sites

frequency difference

i.e.wzl

ex

; this regime is referred as

intermediate chemical exchange. After that, the

line sharpens up until, in the limit of fast

@, — @

ex

exchange, <<1, it becomes a single

sharp line. In the fast regime, the extra
contribution to NMR line widths caused by

exchange between two states,

(wA — Wy )2
k 5

ex

Rex :pA.pB

depends on the sum of the forward (k,) and
reverse (k_) rates of interconversion (k, ), the

frequency difference between the two sates

(Aw) and their relative population (p, and

P )- The frequency difference depends on the

details of the exchange process, as well as the
magnetic field; exchange broadening tends to be
larger at higher field. The relative populations, in
the case of a conformational exchange, depend
on the relative energies of the two forms and the
temperature, as predicated by Boltzman
relationship. Maximum broadening is observed

when the population of exchanging sites is the
same (p, = pp =0.5). In the case of chemical

exchange due to complex formation or

dissociation,
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k+
A+X ?AX

the population of complex and free components
depend on the relative concentrations.

Exchange rates are strongly temperature
sensitive. By lowering the temperature,
sometimes it is possible to change from the
intermediate to the slow exchange regime where
signals from the exchanging sites are observed
with  intensities  reflecting  their relative
populations. In the Hha-H-NSg, system, by
lowering the temperature to 7°C, separate
signals from two species were observed and
their relative intensities changed with the
addition of H-NSg,, indicating that the two forms
come from free and bound Hha. Figure 2 shows
an expansion of signals from Ala46 of Hha in a
series of HSQC spectra measured at 7°C in the

presence of increasing amounts of H-NSg,,

126.9 [ Hhé;{g-NSM
|
126.9| 1:0.5
H
\g:._ 126.9| () ' -
g
126.9|() .
126.9|() 1:3
7.51
'H (p.p.m)

Figure 2. Expansion of signals from Ala46 of Hha in
a series of HSQC spectra measured at 7°C
in the presence of increasing amounts of
H-NSe4.
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A decrease of signals from free Hha and an
increase in the intensity of a new signal
corresponding to the formation of a complex are
clearly observed. At this temperature the

viscosity is higher, and consequently, the value
of 7, for the complex becomes larger, meaning

that the NMR lines would tend to get broader.
However, by lowering the temperature a line-
narrowing effect and duplicate signals are

observed. This allows us to discard a relevant
contribution of the larger 7. of bound Hha to the

line-broadening, and to consider that the
broadening observed at 25°C is caused by the
chemical exchange in the intermediate regime.
The decrease in temperature causes the rate of
exchange to become lower than the frequency
difference, and there by, separate signals are
observed for the free and unbound forms.
Chemical phenomena can be associated to the
formation and dissociation of the complex or/and

to local conformation changes. In the presence

of excess of H-NSs (p, =1, p, =0

andp,, - p, =0), the exchange broadening

due to complexation is reduced, i.e contributes
least to the rate of transverse relaxation. This
provides a test to distinguish between exchange
caused by the complexation process itself and
internal exchange phenomena. In this context,
the addition of an excess of H-NSg, does not
result in line-narrowing or increasing in intensity
of signals corresponding to the formation of the
complex (Figure 1). It indicates that the observed
broadening corresponds not only to the
dissociation and formation of the complex, but
mainly to internal dynamic processes, such as
conformation fluctuations. These findings could
correspond to processes that were already

present in the unbound protein but that are made
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visible due to complex formation or new

exchange possibilities appearing in the complex.

At low concentrations of H-NSes, ( p,y =0,

py=1land p,, - p, =0), only those residues

showing the largest frequency difference
between exchanging sites show extensive
broadening. Actually, in the presence of 0.5
equivalents of H-Ng4, differential broadening of
Hha signals is observed at 25°C. Figure 3 shows
a comparison of the intensities of the signals of
the HSQC spectra measured before and after
the addition of H-NSg,.

1.2,
1.0
0.8 1

0.6
0.4

0.2
0.0 U

Relative Intensity

20 40 60
Residue number

Figure 3. Normalized 'H-"°N cross-peaks intensities
of Hha in the absence (black) and in the
presence (red) of 0.5 equivalents of
unlabelled H-NSes

Residues whose intensity is reduced by
more than 75% upon the addition of 0.5
equivalents of H-NSg; were mapped in the
structure of Hha. Surprisingly, most of the Hha
residues affected by addition of H-NSg, have low
solvent accessibility in the NMR structure
published by Yee et al.'® This suggests that the
observed differential broadening is not only the
result of direct contact of H-NS with the affected
residues, but rather, the result of a
conformational exchange, induced by H-NS
binding, that perturbs the hydrophobic core of

Hha. This is clearly illustrated in Figure 4, which
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compares the solvent accessibility and the
position of the residues affected by the addition
of H-NSg,4; as we can see, the interaction with H-
NS¢, affects some deeply buried residues
located in the interface between helices. This
reinforces the idea that the observed broadening

is due to a conformational exchange.

(a)

e

(b)

Figure 4. (a) Residues most affected by H-NSes
binding are highlighted on Hha structure in
yellow. (b) Solvent accessibility of Hha.
Residues are coloured by the percentage
of solvent exposed surface: red (<5%),
yellow (5 to 20%) and blue (>20%).

Although NMR data provides information
about the residues most affected upon protein-
protein interaction, the extensive broadening of
the signals complicates the evaluation of the
binding strength of Hha towards H-NS N-
terminal domain. For this reason we turned to

fluorescence anisotropy measurements.

Fluorescence Anisotropy as a Probe to study
Hha and H-NSg, Interaction
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Fluorescence anisotropy is a highly sensitive

method for studying protein-protein
interactions.?* When plane-polarized light passes
through an isotropic  solution containing
randomly oriented fluorophores, those molecules
whose absorption transition dipole are aligned
parallel to the polarization plane will be
preferentially excited. In a completely rigid
system, fluorescence of this subpopulation will
also be polarized. However reorientation of the

molecule during the life-time of the excited state
(7 ) will result in depolarization. As for NMR
measurements, molecular re-orientation is
described by the correlation time (7,),which is

sensitive to molecular volume. Under steady-
sate conditions, the fluorescence anisotropy of a

solution can be related to the correlation time

(7.) of the fluorophore by the Perrin equation,

A A T, 7
where A, is the limiting anisotropy (the

anisotropy observed in the absence of any
fluorophore rotation, which is determined by the
angle between absorption and emission dipoles,
life-time.

and 7, is the fluorescence

Fluorescence anisotropy can be used to obtain

hydrodynamic information concerning

macromolecules and macromolecular
complexes. For instance, the formation of
protein-protein complexes leads to an increase
in the correlation time, which will further increase
the observed fluorescence anisotropy.”® This
approach has been exploited to monitor the
interaction between Hha with H-NSg,. In contrast
with Hha containing a single Trp, H-NSg, does

not contain any Trp residue. On this basis, it
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seems reasonable to monitor the formation of a
bio-molecular complex between Hha and H-
NSe4, by measuring Hha fluorescence. In fact,
we are in a favourable condition for monitoring
the binding by a fluorescence technique since
only one of the interacting species fluoresces.
Here only steady-state fluorescence
measurements from the single tryptophan of Hha
were used to characterise this interaction, and
among the fluorescence observables,
fluorescence  anisotropy was the most
informative. Figure 5 shows the change in
fluorescence anisotropy of Hha caused by the
addition of H-NSg4. The fluorescence anisotropy
of Hha increases and levels off after the addition
of circa two equivalents of H-NSg to Hha,
suggesting the formation of a discrete complex
(black circles). Increasing the concentration of H-
NSg, causes a marked increase in fluorescence
anisotropy (red cicles). Nevertheless, for the
former experimental data a good fitting was
achieved assuming the formation of a Hha/H-
NSes 1:2 complex with a dissociation constant of

0.45 pM? at 25°C.

0,076
0,074
0,072
0,070 +
0,068 4
0,066 -
0,064 -
0,062 4 d
0,060 -
0,058 4
0,056

Fluorescence Anisotropy

o 2 4 & 8 10
[H-NSg4lT /1M
Figure 5. Fluorescence Anisotropy titration of Hha

with H-NSg4. Black line corresponds to the
theoretical binding curve

The slope of the curve of anisotropy versus

H-NSg4 concentration decreases at



Ann. Magn. Reson. Vol. 4, Issue 3, 73-85, 2005

approximately 2 equivalents of H-NSg,, but does
not reach a clear plateau. So, the value of

fluorescence anisotropy for the 1:2 complex

(A,) can not be directly extracted from the

titration data. Instead, it is treated as an
adjustable parameter in the fitting of the titration
curve, along with the dissociation constant of the
complex. The procedure is explained in the next
subheading.

Data analysis of fluorescence anisotropy

measurements

The fluorescence anisotropy of a solution
containing a mixture of fluorophores(subject) is

given by

i i i i
A _ Ivv_lvh :Ivv_lvh

w2l I 8

1

I, is the fluorescence intensity for the diluted

solution related to a particular fluorophore i and

can be written as

I, = 2.3k, (A&, (A)le, [ F(A4)dA, g
0

where €;(4, ) is the molar absorption coefficient
of the fluorophore i, I, is the intensity of the

incident beam on the sample and £(A4,) is the
molar absorption coefficient at the excitation
wavelength, A,; [ the optical path in the

sample;c¢; is the concentration of the

fluorophore and F;(A,) is the probability of the

fluorophore emission to occur at wavelength . Its

integration gives rise to the quantum
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yield, @ . =IF(/1F )dA, . kis an instrumental
0

factor that depends on optical configuration for
observation and on the bandwidth of the
monochomators.

In a fluorescence anisotropy experiment, we
actually measure the components I/, and 1 ,,

which are the sum of all individual components;

1, = Zliv and 1, = ZIéh . Consequently,

the total fluorescence anisotropy can be defined
as:
£ (A)Pc,
AZZA[ z( E) F‘z 10
i zgi (/115 )q)chi

If all the fluorescent species have the same

intrinsic fluorescence properties (i.e. the same

quantum yield,®,, and molar absorption

coefficient, £(4)), the fraction of each is given

by fi= I—’ : which implies that

total
A= fixA

For the particular case of the Hha and H-
NSes association equilibrium, where Hha is the
labelled protein (tracer species), and assuming
that a sole type of complex contributes to the
measured fluorescence anisotropy, the latter can

be expressed as follows:

A:ff'Af+fb'Q'Ah
[+ 1,0 13

being A, the fluorescence anisotropy of the

complex higher than the determined for free Hha

(in absence of H-NSg,), Af; ffandfb the
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molar fraction of free Hha and Hha bound to H-

e, (A

NSe, respectively and sz.
cI}Fgf(ﬂ'E)
Additionally, equation 11 can be rewritten as

shown below:

A-A,

f”:A—Af+Q(‘A,,—A) 12

This equation gives us, for each data value, the
fraction of bound Hha in terms of fluorescence
anisotropy.

The fluorescence anisotropy data presented
here were analysed assuming that the molar
absorption coefficient of Hha tryptophan at the
excitation wavelength does not change upon
complexation. However, since fluorescence
emission spectra generally are much more
sensitive to the environment of the fluorophore
than is light absorption, changes in quantum
yield were not excluded in the data analysis. The
sensitivity of fluorescence is a consequence of
the relatively long time a molecule stays in an
excited singlet state before deexcitation.
Absorption is a process that is over in 10 *°
seconds. On this time scale, the molecule and its

environment are effectively static, and so one

could assume thate,(4;)=€,(4;). In

contrast, during the 10 ° seconds that a singlet
remains excited, all kinds of processes can
occur, including protonation or deprotonation
reactions, solvent relaxation, local
conformational changes, and any processes
coupled to translational or rotational motion. So,

0O can be reduced to the ratio of the quantum
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yields. For diluted solutions ( A < 0.05) this ratio

becomes

_”13 1,(Ag, Ar) O'Df(;LE)
Q=— ' 13
ny I, (A4, A4:) O.D,(A;)

where  [.(A;,A;)and I, (A, A;)are the
fluorescence spectra intensity of free and bound

Hha solutions, and O.D,(4;) and 0.D,(4,)

their optical density at the excitation wavelength,

2

respectively. The ratio —’; is a correction factor

ny
that accounts for changes in the refractive index.
The experimental Q value in the Hha-H-NSg,
system is nearly 1, and so this correction has
minimal effects. In other systems, however, this
could represent a significant source of error.
Fluorescence anisotropy data values were

analysed using a model involving the putative

formation of a 1:#n complex:

Hha + nH-NS,, =— Hha—(H—NS64)n

with a dissociation constant, K;, given by

_[Hhal;[H -NS,,] s
‘" [Hha—(H-NS,,),]

14

being [Hha]f and [H—NS64]f the equilibrium

concentrations of free Hha and H-NSg,
respectively. By combining equation 14 and 16,

the observed anisotropy A can be related to the

known values of Af, Q and the actual total

concentrations (corrected for effects of dilution)
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of Hha, [Hhal, and H-NSs, [H -NSg]., at

each point by the following relationship:

A= AbQ{[H _N564]f}n +AfKD
B Kd+Q{[H_NS64]f}{I

15

with

[H'NS64]f :[H_NS64]T _nfb[Hha]T

Since the value of A, is experimentally

unknown, the fractional saturation of Hha cannot

be determined using equation 12; consequently

[H—NS64]f cannot be calculated. An iterative

procedure was followed. The value of f,, and
therefore [H—NSM]f was determined from a

numerical solution of equation 16,

(1_fb){[P‘If_NS64]f}7_KD:0 16

starting from arbitrary values of K, and n. A

random search of the starting points was carried

out to avoid that the calculations were trapped in

local minima. The calculated [H—NSM]f

values and the experimental values were used to
obtain a better approximation to K, and n by

fitting of equation 15 using a Marquardt-
Levenberg least-squares  algorithm.  The

procedure was repeated with the new value of

K, and n until convergence was obtained,

defined in our case as |K K,|<0.001.

D+l

The iterative procedure was carried out using in-
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house scripts written in Mathematica 4.0
(Wolfram Research). The procedure is ilustrated
in Figure 6.

The anisotropy for the complex derived from

the fitting (A,) provides an estimation of its

apparent correlation time. Equation 17 relates to
the correlation times of free and bound Hha
molecules using the information from the ratio of
anisotropies and the life time of the excited

states in the two forms,

fb
o Rt 7,
“r/1-R)+7] 17

A ,
where R = bA , 7/ and 7/ are correlation
f

times of the free and bound forms, and f? and

Z'jff are the corresponding fluorescence lifetimes.

Input 1
n: Kp:[H — NS, | 3 [Hha],

> Eqn 16

v
Shound

L] N

= 1 e
= ([H - NS{|4]ﬁ‘(‘(.’ > A) <:’ gp‘uA

L
2‘,?” Eqn 17

N

KD+/ y A

i1

bound+1

If | Ky, - K, |<0.001

jD Ky =K, Oumut: Ky, =Ky

Apouna+1 = Abpund

Figure 6. Schematic drawing outlining the approach
used to determine the unknown binding parameters:

K, and A, .
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The fluorescence lifetimes were obtained
from the relative quantum yields of free Hha and
Hha in the presence of 2.5 equivalents of H-NSg,

to Trp. The quantum vyield can be written
as® =7, Xk, . Taking as a reference, the

lifetime of Trp (2.6 ns at pH 7.0 and 25 °C) and
the estimation for the relative quantum yields of
Hha or Hha-(H-NSg,) complexes, the lifetimes of
Trp in Hha and Hha-(H-NSg) complexes were
calculated to be 2.47 and 2.35 ns respectively.
The correlation time for free Hha at 25 °C was

estimated using the molecular weight of Hha,

M™* =11200 Da and the Stokes-Einstein

relationship

_ny 18
=T

where V, is the hydrodynamic volume of the

rotating molecule, T and 77 are temperature

and viscosity of the solution. The hydrated
specific volume of a typical protein is about

1cm®g”. Therefore, hydrodynamic volume of a

MHha
single Hha molecule will be V, = w%’ ’
Av

being N ,, the Avogadro constant. The value of

viscosity for an aqueous solution at 25°C is
about 0.0094 poise.®® The correlation time for
free Hha calculated is 4.25 ns. The correlation
time of the complex depends strongly on the
reference correlation time assumed for free Hha.
Reference values of 4 and 5 ns provide
estimates of 7.6 and 11.0 ns for the correlation
time of the complex using equation 8. On the
other hand, the Stokes-Einstein relationship

estimates that the correlation time calculated for

-84 -
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a sphere with the mass corresponding to the
molecular weight of the Hha-(H-NSg4), complex
is 10.1 ns. This value adds force to the idea that

Hha interacts with two H-NSg, molecules.

Conclusion

Although many structural and functional details
of this system are still unsolved and demand
further clarification, this paper provides the first
molecular  insights into the  functional
mechanisms by which Hha and H-NS interact.
This interaction was found to involve the H-NS
(H-NSg4) and a

conformational change of Hha. These two

N-terminal domain

results were obtained by combining two
biophysical techniques, NMR and fluorescence

anisotropy.
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