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Abstract

NFxB is an important and ubiquitous transcription factor formed by various homo- and heterodimers okide NF
family. The active transcription factor regulates genes involved in immune, inflammatory and survival responses.
Specificity in gene regulation is achieved, at least in part, by the distinct DNA binding preferences of the various
homo- and heterodimers and by the complex pathways that lead to signal-induced degradatiom Bfitiéoltors.
Analytical ultracentrifugation and hydrodynamic bead modelling were used to model the solution structures of the
NF«B family member p50, its inhibitordBy and their complex. Sedimentation equilibril8E) and sedimentation
velocity (SV) data show that p50 is a dimer in solution with a sedimentation coefficient consistent with a conformation
intermediate between the closed conformation observed in the crystal structure of ths-gSthinal domain—p65
heterodimer complexed withkkBa and the open conformation adopted by p50 when bound to DNA. SE and SV data
show that kB+vy is a monomer in solution and is prone to aggregation over time. p50 forms a 2:1 stoichiometric
complex with kB in solution with a sedimentation coefficient consistent with a closed conformation for the p50
dimer.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction own gene expression and even that of viruses, e.g.
human immunodeficiency virus or herpgs—4.
1.1. The NFkB/Rel family Abnormal activity of NikB homo- or heterodimers

is associated with a range of diseases such as
Hodgkin’s disease, melanoma, various lymphomas,
myelomas, leukaemia, carcinomas and adenocar-
cinomas, and also with rheumatoid arthritis, asth-
ma, arteriosclerosis and Alzheimer's dise$3k

NFkB family members are characterised by their
possession of the Rel homology domain that is

The NFB/Rel family of eukaryotic transcrip-
tion factors controls a wide variety of inducible
genes involved in inflammation, activation of
immune cells, inhibition of apoptosis, cell prolif-
eration, cell migration and repair, as well as its
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141-330-4600. interaction with inhibitor proteins. The five mem-
E-mail address: 0.byron@bio.gla.ac.ukO. Byron). bers of the mammalian NdB/Rel family fall into

0301-4622/04/$ - see front matt@€r 2003 Elsevier B.V. All rights reserved.
doi:10.1016/j.bpc.2003.10.032



260

two subgroups: p65, c-Rel and RelB contain tran-
scriptional activation domains while p50 and p52
lack the activation domaif4]. p50 and p52 can

be generated by proteolytic processing of their
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by the proteasome. This leads to p105 degradation
rather than processing, which is normally consti-
tutive [10].

Different kB proteins are thought to interact

respective longer precursor proteins p105 and p100differently with individual NB homo- and het-

[1,3,4 as well as by a novel co-translational
mechanisn5,6].

1.2. Regulation of NFkB activity

Members of the NkB/Rel family form various
homo- and heterodimers that have distinct affinities
for different DNA binding(kB) sites. Furthermore,
their cellular distribution and activity are controlled
by association with and inhibition by proteins of
the kB family [4]. The kB family currently
encompasses six proteinkBa, -3 and = are
stimulus-dependent regulators of RE, while
IkB3, -y and Bcl-3 have other function¥]. All
IkB proteins, however, consist of a varying number
of ankyrin repeats which are known protein—
protein interaction motif¢3,8].

1.3. Diversity within the IkB family

Many agents that activate MNB do so by
inducing kB phosphorylation by thexB kinase
(IKK) complex, which contains two catalytic sub-
units IKK1 (or IKKa) and IKK2 (or IKKB) and
a structural subunit IK&. IkB phosphorylation
targets the protein for ubiquitination and protea-

erodimers thus accounting for the subtle control of
NF«B activation. Most studies so far have focused
on IkBa [11-13 whose structure in complex with
the p65—p50 heterodimer has been solved by X-
ray crystallography[14,19. The latter binds only
one of two nuclear localisation sequend®i_S)
present in kBa, which allows for nuclear trans-
location of NikB—IkBa complexes. However, the
presence of nuclear export sequences wBol
ensure that imported complexes are rapidly export-
ed back to the cytoplasm. Although rapid shuttling
of IkBa/p50—-p65 takes place in unstimulated
cells, the equilibrium reached ensures theBd/
p50/p65 is predominantly cytoplasmif16,17.
IkBB, on the other hand, binds both NLSs availa-
ble and thus ensures complete retention of com-
plexed molecules in the cytoplasii8]. IkBvy
contains seven ankyrin repeats and it has been
proposed that it binds NdB in such a way that it
contacts residues required for protein—DNA inter-
actions and thus prevents DNA binding of A&
[19].

1.4. Structural information to date

The structures of several NB homo- and

some-mediated degradation. p105 can also func-heterodimers, including the p50 homodimer com-

tion as an kB via the ankyrin repeats at its
C-terminus which retain bound p50, c-Rel and
RelA in the cytoplasm. The C-terminal ankyrin

plexed withkB sites, have been solved by X-ray
crystallography [4,20-23. The p5Qp65—kBa
complex has also been characterised, although

repeats of p105 can also be generated as a separateguncated versions of all proteins were used in the

protein (IkB3) as a result of alternative splicing
of the NFkBI gene in lymphoid cells in mice.
Analysis of mice that are unable to produce the
C-terminal ankyrin repeat containing half of p105
but which still express p50 has revealed an impor-
tant role for the C-terminus of pl05 in NB
regulated control of the inflammatory resporiSe
pl105 levels are controlled by two distinct proteo-
Iytic pathways in which p105 can either be proc-

crystallisation proceskl4,19. Interestingly, the N-
terminal domains of p50 and p65 in these two
structures have virtually the same conformation
but different orientations, having undergone an
apparent 180rotation and 40 A translation when
bound to the inhibitor. Apart fromkBa, Bcl-3 is
the only other kB protein whose structure has
been solved?24].

To date, there are no high-resolution structures

essed to p50 or completely degraded. In responseof uncomplexed homo- and heterodimers ofdBE-

to certain stimuli, p105 is phosphorylated by IKK
and, after signal-induced ubiquitination, degraded

Furthermore, there is biochemical evidence for
differences in the interaction of MB with differ-
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ent members of thexB family [11,12,18,19
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SV data were analysed using the progsenrFIT

However, as yet there is no way to establish a [28] that directly fits the velocity profiles. The
structural basis for these differences since the non-interacting species model was used with three

structure of Bcl-3 was determined in its uncom-
plexed form. In this paper, we try to bridge this
gap by reporting the low-resolution solution struc-
tures of p50, kB~ and their complex. In particular,
we focus on the orientation of the p50 N-terminal
domain when uncomplexed and, in addition, map
the interaction of p50 withdB+y. Since kB is
thought to prevent DNA-binding of p50 complete-
ly, their interactions are necessarily different when
compared to the p65—p50<Ba complex.

2. Materials and methods
2.1. Proteins
IkBy and p50 were both expressed and purified

as described previouslj19,25,26. p50 included
residues 35—-381 andB~y residues 537-809 of

species representing p5&Bvy and their complex.
High-resolution fits were conducted over the range
0.1-20 S in sedimentation coefficient space to
cover all conceivable species. The best fits were
obtained with a frictional ratio of 1.2 for all species
(the fits were not improved by floating the fric-
tional ratig. The sedimentation coefficient and
diffusion coefficient of each species were floated
and all six data setéacquired at different mixing
ratios of p50 anddBvy) were fitted to yield the
sedimentation coefficients for the separate species
that were corrected for the effects of temperature,
buffer density and viscosity to generate the coef-
ficients at 20°C in water. Size-distribution analysis
(c(s) vs. s) was also performed usingepFIT to
describe the heterogeneity of the sedimenting
solute.

For SE analysisdBy and p50 were loaded into

their common precursor protein p105 encoded by Yphantis-type six- and double-channel centre-

the NFkBI gene. Purity of the proteins was
checked using standard SDS-PAGE analy2ig.

2.2. Analytical ultracentrifugation

Prior to sedimentation velocitySV) analytical
ultracentrifugation(AUC) analysis, p50 anckB-y

pieces, respectively. Absorbance data were
acquired in step mod€10 replicates, 0.001 cm
step size. Equilibrium solute distributions were
obtained at the following rotor speeds: p%05,

18 and 20 k rpny IkBy (17 and 23 k rpny, p50—
IkBy (10, 13.5 and 17 k rpm SE data were
analysed with Beckman XL-A—XL-l software

were dialysed against a 1000-fold volume excess based on MicrocaloriciN 6.0 using the self-

of 50 mM Tris, 300 mM NaCl, 2 mM DTT, pH
8.0 over a period of 36 h with two complete
changes of solvent. After extended periods of time,
p50 and kBvy were observed to precipitate. There-
fore, prior to the lengthier procedure of sedimen-
tation equilibrium(SE) AUC, buffer equilibration

association model.
2.3. Modelling the p50 homodimer

We wanted to construct a model for the p50
homodimer in the conformation it would adopt

was achieved via more rapid buffer exchange using were it to be inhibited bydB~. Protein data bank

a PD-10(Amersham BiosciencesSephadex G-25
desalting column. AUC studies were performed
using Optima XL-I and XL-A analytical ultracen-
trifuges (Beckman-Coulter, Palo Alto, CA SV

(PDB) ([29] (http://www.rcsb.orgpdb/)) file
INFI comprises coordinates for a p50—p65 heter-
odimer complexed with dBa in which the C-
terminal domain of p50 is missing. Thus, it was

experiments were conducted at 45 k rpm using not possible to ascertain from these data the likely
both absorbance and interference optics with dou- conformation of p50 in its inhibited state. Instead,
ble-channel centrepieces. Absorbance data werethe superimposition tools included in the program
acquired in continuous mode(5 replicates, peEePvIEW [30] were used for complex reconstruc-
0.003 cm step size The wavelengths of the tion using PDB file 1NFI as follows: both the N-
incident light were set to 280 nm for p50 and terminal domain of p5@from PDB file INFIl) and
p50:kBy mixtures, and 278 nm foB'y. its C-terminal domair{from PDB file 1NFK) were
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superimposed onto the corresponding domains of to represent these residues determined. Four beads
p65 as found in PDB file 1NFI. The resulting for residues 1-4, 2 beads for residues 246-248
construct was then copied and the copy superim- and 22 beads for residues 356—381 were joined
posed onto the existing p50 C-terminal domain of onto the existing bead model ‘manually’ using the
INFI in order to generate the remaining half of programmaceeaAps (written by Dr Dan Thomas,

the dimer. We use ‘open’ and ‘closed’ to refer to then at the National Centre for Macromolecular

the two extremes of p50 conformation, whereby
‘open’ refers to p50 as found in the DNA-bound
complex while ‘closed’ describes the p50 confor-
mation observed in the NdB-inhibitor complex.

2.4. Modelling IkB~y
A high-resolution model ofdBy was construct-

ed from the structure ofkBa (PDB accession
code 1NF) by attaching a duplicated sixth ankyrin

HydrodynamicslNCMH), University of Leicester,
obtainable on request from the NCMH, Notting-
ham (http://www.nottingam.ac.ukncmb/unit/
software.html). Since the conformation of
residues 356—381 is unknown, three structural
extremes—where the peptide assumes either a
straight, bent or globular conformation—were
modelled and assessed separately.

The C-terminal peptide okB+y modelled using
DRAGON [32] (above was transformed into beads

repeat to the molecule’s C-terminus. However, the using AtoB[33,34 and then built onto the existing

40 C-terminal residues okB+y were not accounted
for in this model. Homology-based modelling was

bead model ofdBy (IkBa plus the extra ankyrin
repeal using MACBEADS. Only one of the C-

not possible because there are few primary terminal peptide structures of theBvy model was
sequence homologues to this region and none forused since the secomiRAGON structure could not
which an atomic structure has been solved. Instead,be attached to the rest of the molecule without
the secondary structure of the C-terminus predicted causing steric clashes.

using the JPRED servei31l] was folded into a
tertiary structure using the progranRacon [32].
DRAGON was run 20 times generating two distinct
families of structures. Structures within each fam-
ily were ranked according to bor(etween neigh-
bouring residues in the primary sequehce
non-bond (between non-neighbouring residdes

Bead models for the(p50),—IkBy complex
were obtained by superposition of the individual
bead models ofp50), and kB~ usingMACBEADS.
The complex was modelled witkp50), in two
distinct conformations: the inhibitor-bound,
‘closed’ conformation—as seen in INFl—and the
DNA-bound, ‘open’ conformation determined by

external restraint and secondary structure scores.Mliller et al. (PDB accession code 1NPK23].
The highest scoring structure was used to represent Anhydrous sedimentation coefficients) for all

each of the families.
2.5. Hydrodynamic modelling

The program AtoB 33,34 can transform atomic

bead models were calculated using the program
HYDRO [35]. In order to compare thevbro output
with the values fors obtained experimentally, a
correction was made for hydratidisee e.g[34])
using a value of 0.4 g watgg protein.

coordinates into bead models comprising spheres

of a radius dependent on the ‘resolution’ chosen. 3. Results
Models were generated for the p50 homodimer
((p50),) and kB~ with beads of radius 3.5 A. A
number of residues of p50 are not resolved in the
atomic structure and were thus missing from the SE solute distributions for p50 at three rotor
initial hydrodynamic bead model. The mass and speeds were well fitted with the equation for a
volume occupied by residues 1-4, 246—248 and single, thermodynamically ideal species, yielding
356-381 in p50 were calculated from the molec- the apparent whole cell weight average molecular
ular weight and partial specific volume of p50 and weights(M,, o, Summarised in Fig. 1. The molar
thus the number of beads correspondingly required mass of p50 calculated from its amino acid

3.1. p50 is a dimer in solution
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Fig. 1. Apparent whole cell weight average molecular weigH}, »,,) as a function of loading concentratigin monomer molar
units) extrapolated to infinite dilution for p50data were acquired at rotor speeds of 15 k f(fitted squares, solid ling 18 k rpm
(open squares, dotted line20 k rpm (filled circles, dashed ling and kB (data were acquired at rotor speeds of 17 k iitred
triangles, dot-dashed ling23 k rpm (open triangles, double dot-dashed Jhe~or comparison, p50 dimer would have a molecular
weight of 77.6 kDa; the molecular weight aiB+y is 29.4 kDa.

sequence is 38 909 Da; the data in Fig. 1 extrap- values for a spherical dimer are 6.34&hhydrou$
olate to give molecular weights at infinite dilution and 5.45 S0.4 g/g hydration. Therefore, accord-
(Mg, app) Of 77.2 kDa(at 15 and 18 k rpm and ing to SV data, p50 is not monomeric; oligomers
80.5 kDa(at 20 k rpm). These data suggest that higher than dimer appear unlikely as their sedi-
p50 is a dimer in solution over the concentration mentation coefficients would far exceed the meas-
range studied. This is consistent with the sedimen- ured value. Thus as a dimép50), must be not
tation coefficients determined for p50. Size-distri- only hydrated but also asymmetrical.

bution analysis of the SV data gave a single peak Sedimentation coefficients were calculated for
centered about an apparent sedimentation coeffi-bead models of the p50 homodimer in open and
cient of 4.90 S(Fig. 2) and the SV profiles were  closed conformations with three extreme represen-
well fitted with a single species model. Extrapo- tations of the 26 most C-terminal residuésig.
lation to infinite dilution of the concentration 4). The results are summarised in Table 1. For
dependence of,,,, (Fig. 3) gives s%,,=4.19 S both the ‘open’ and ‘closed{(p50), models the
(absorbance dataand 4.45 S(interference dafa globular tail conformation gives hydrated sedimen-
The maximum possible sedimentation coefficient tation coefficients(4.03 and 4.40 S, respectively
for monomeric p50 can be calculated using stan- most consistent with the experimentally deter-
dard equations to be 3.99(®e. for an anhydrous mined valueg4.19 S(absorbance datand 4.45
sphere with the same mass and partial specific S (interference dapa. Of the two homodimer
volume as p5®@ including 0.4 ¢g'g hydration this conformations, the closed form agrees more close-
value decreases to 3.43 S. The correspondingly with the experimental data, although on the
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Fig. 2. Size-distributior(c(s)) converted to standard conditions f@ p50 and kB~ and (b) mixtures of the two. p50 absorbance
data at 280 nm, loading concentratiéim monomer molar unifsc=43.5 uM (solid line (black)); IkBy absorbance at 278 nm,
¢=46.1 uM (dashed ling absorbance datéat 280 nm for mixtures of p50 andudB~y at molar ratios(p50:kB+y) of 4:1 (red),
3:1 (black), 2:1 (green, 1:1 (blue), 1:2 (cyan and 1:3(pink).
basis of these data alone it is not possible to namically ideal species, yielding/, ,,=28.0
conclude that(p50), is definitely in a closed kDa. However, the equilibrium solute distribution
conformation; there will be other conformations obtained subsequently at the higher rotor speed of
consistent with the measured sedimentation 23 k rpm was poorly fitted with this model and
coefficient. gave a highen,, .,,=37.2 kDa, indicative of the
formation of aggregate over the course of the AUC
run. Certainly the same tendency was observed
SE data for kBy acquired at 17 k rpm were during small-angle X-ray scattering studies to an
well fitted with the model for a single, thermody- extent that precluded the acquisition of scattering

3.2. IkBy is a monomer in solution
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Fig. 3. Extrapolation to zero concentration of sedimentation coefficients for(jpérference datdopen squares, dashed lne
absorbance data at 280 ririosed squares, solid lineand kB (interference dat&open circles, dashed lilgabsorbance data at
278 nm(closed circles, solid ling.

curves of high enough quality for dummy atom or with the optimal stoichiometryprovided we are
dummy residue modellingSection 4. Size-distri- working somewhat above thg;, for the interac-
bution analysis of the SV data gave a single peak tion) when most of the species in solution would
centered about an apparent sedimentation coeffi-have associated into complexes. At mixing ratios
cient of 2.4 S(Fig. 2) and the SV profiles were  for which uncomplexed molecules remain in solu-
well fitted with a single species model. Extrapo- tion, M,, ., Will be depressed. The reduced SE
lation to infinite dilution of the concentration data are shown in Fig. 6. The decreaseMp .,,
dependence of,,,, (Fig. 3) givess3,,~=2.35 S with increasing rotor speed could be indicative of
(absorbance dateand 2.38 S(interference data  the formation of high molecular weight aggregate
The sedimentation coefficients calculatédsing that is steeply distributed at higher speed equilib-
HYDRO [35]) for the kBy model (Fig. 5) whose  rium and is thus effectively excluded from subse-
construction is described in Section 2 are 2.79 S quent ana|ysis_ H|gher rotor Speed data were
(anhydrou$ and 2.40 S(hydrated (Table .  acquired after the lowest speed data. Given that
ThUS,. the model is entirely consistent with the there is no evidence of aggregate Species in the
experimental data. SV data(below) we presume that the aggregate
has formed with time. Thus, in what follows we
3.3. p50 forms a 2:1 stoichiometric complex with refer only to the earliest acquired SE data
IkBy in solution (obtained at 10 k rpm The hoped-for peak in
M, app is Observed at a mixing ratio of 3:0p50
By performing SE analysis for different mixtures monomer: kBy monomej. A complex with this
of (p50), and kB~ at different molar ratios, we  stoichiometry would have a molecular weight of
hoped to observe a peak M, ,,, for the mixture ~ 146.1 kDa instead of the 117 kDa observed at the
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Fig. 4. Bead models for p50 in the opéa—0 and closed(d—f) conformations with the C-terminus domain modelled in three
extreme conformations: extendéd, d, bent(b, e and globular(c, f).

lowest rotor speed. The molecular mass of the 2:1 mixing ratio was established at too low an overall
complex would be 107.2 kDa. Instead of observing protein concentration to ensure complete formation
a real decrease iM,, 5, at mixing ratios for which ~ of the complex. Certainly none of the masses in
IkBy is in excess, the mass remains relatively Fig. 6 suggests a complex of 3:1 or 4:1 but rather
stable. The abscissa axis in Fig. 6 represents the2:1. Two stoichiometric complexes are biologically
total protein concentratiofalbeit weighted by the  plausible: the 2:1(107.2 kDa and the 2:2(136.6
respective extinction coefficients of the two pro- kDa, equivalent to 1:1 in Fig. )6 Our SE data
teins: calculated to be 19934 and 159082¢m point towards the formation of the 2:1 complex in
mole for p50 and W{Bw, respectively. Thus, solution.

although kB is in excess, it also acts to increase A clearer picture emerges from the SV data for
the total protein concentration and will drive the which the size-distribution analysis is shown in
hetero-association towards complex formation. The Fig. 2. At p50 monomerdBy monomer ratios of
1:1, 1:2 and 1:3 mixing ratio data obtained at a 4:1 and 3:1, only one significartasymmetrical
rotor speed of 10 k rpm givé/,, ,p,~112 kDa, peak is observed at an apparent sedimentation
very close to the molecular weight of the 2:1 coefficient (s38%) just below that of(p50),. At a
complex. It is therefore possible that the 2:1 mixing ratio of 2:1 the peak broadens, becomes
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Table 1

267

Sedimentation coefficients calculated for hydrodynamic models of pd®y bnd their compleXs,voro) COmMpared with measured

values(s2.)

(p50)2 p50 SHYDRO (S) SSD,W (S)
¢ . o
conformation C-terminus Anhych Hyd® Abs® Inte
(p50), Closed Straight 4.06 3.49 4.19 4.45
Bent 4.10 3.52
Globular 5.11 4.40
(p50), Open Straight 3.90 3.35
Bent 3.96 341
Globular 4.69 4.03
IkBy 2.79 2.40 2.38 2.35
(p50),—IkBy Closed Globular 6.17 5.31 5.51 5.49
Open Globular 6.00 5.16 5.51 5.49

The corresponding bead models are shown in Figs. 4, 5 and 7.

2 Anhydrous value.
b Corrected for hydratiorf0.4 g wateyg protein.

¢ Results obtained with absorbanG&bs) and interferencéint) optics.

more symmetrical and has agg%, of just above
that for (p50),; in addition, a minor peak at an
5585, close to that for By has appeared. At these

complex with s%,,=5.51+0.18 S (absorbance
datg or 5.49+0.14 S(interference data
Sedimentation coefficients were calculated for

ratios it appears that the solution comprises a the ‘inhibitor-bound’, closed conformatidip50),—

mixture of uncomplexedp50), and (p50),—IkBy
complex: the difference in sedimentation coeffi-
cients for the two species is smdlTable 1 so
that analysis withc(s) fails to completely resolve
them and results in sedimentation coefficients dif-
ferent from those obtained from a solution mon-
odisperse in one species.

At 1:1 the major peak has narrowed and is
centered about a slightly highegg¥,, the minor

peak is still apparent. This peak increases in size

at 1:2 and further at 1:3, mixing ratios that yield
almost identical peaks at the highegs;,. These
overall trends are broadly consistent with the SE
data. The true complex is formed whekBly is
equimolar with p50 or is in excess. Given that the
size of the minor peak is so small at the 1:1 ratio,
do these data not imply that the ratio of the
complex is 2:2? The value fa¥,, ,,, Obtained by
SE is too low for such a stoichiometry; given the
very small size of the minor peak in the size-
distribution analysis, it is not plausible to ascribe
a reduction inM,, 5, to uncomplexeddBy. Thus,
the SV data also point to a 2:1 stoichiometric

IkBy complex (Fig. 7) and the ‘DNA-bound’,
open conformation yielding hydrated values of
5.31 and 5.16 S, respectivelJable 1. The closed
conformation complex model is more consistent
with the experimentally determined sedimentation
coefficients. Thus, when the p50 dimer is inhibited
by a single kBy molecule, it is in the closed
conformation.

4. Discussion

Conclusions drawn about the stoichiometry of
the complex formed between p50 aneBly rely
to an extent on certainty of the molar concentra-
tions of the respective proteins. In this sense we
were limited by the use of calculatéds opposed
to experimentally determinedextinction coeffi-
cients. However, we have assessed our findings
with this in mind and have critically arrived at the
only feasible conclusions, taking into account all
of our data. Certainly the 2:1 stoichiometry at
which we arrived is consistent with other studies
for the interaction of tBa with NF«B ([14] and
references cited therein
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Fig. 5. Models of kBvy: (a) high-resolution model constructed from the coordinatesk@al (PDB accession code 1NFby
attaching a duplicated sixth ankyrin repeat to the molecule’s C-termitmshead model derived from the high-resolution model
using the program AtoB33,34.

In determining the solution conformation of data in which aggregation was not apparent, the
macromolecules, our normal approach is to com- statistics of this limited data set were rather poor
plement hydrodynamic measurements with small- leading to uncertainties in the subsequent
angle X-ray andor neutron scattering SAXS/ modelling.

SANS) data(see e.g[36—39). The SAXS data Much the same difficulty with SAXS was expe-
we acquired for #By were dominated at low rienced with p50, although the appearance of
angles by scattering from aggregatédata not aggregate species does appear to be due to radia-
shown herg. We observed a steady increase in the tion damage as it was not observed with AUC.
scattering at low angles throughout the course of Therefore, we have been unable to determine the
the SAXS data acquisition fok By, indicative of solution structures of p50kBvy and their complex
aggregation with time. We do not think that this ab initio.

is necessarily the result of exposure to the X-ray = Comparison of the experimentally determined
beam because data symptomatic of time-dependentsedimentation coefficients for p8@.19 S(absorb-
aggregation were also obtained with SE. Although ance data and 4.45 S(interference data with

we could have limited our SAXS analysis to early those calculated for the two conformations of
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Fig. 6. Apparent whole cell weight average molecular weighy, .,,,) as a function of loading concentratigm terms of sample
absorbancefor mixtures of p50 anddB~y at molar ratio(p50:kBvy) of 4.1, 3:1, 2:1, 1:1, 1:2 and 1.@lata were acquired at rotor
speeds of 10 k rpnffilled square$; 13.5 k rpm(open squares 17 k rpm (filled circles)). For comparison, the molecular weights
of p50 dimer and its complex with one molecule @Bly are indicated.

dimer (4.03 S in the open and 4.40 S in the closed partly determined by crystal packind4]. None-
conformation suggests that in solution p50 may theless, it is feasible that by adopting a position
adopt a conformation intermediate between theseintermediate between the two extrem&s50), is
two extremes representative of the form taken poised ready to switch to whichever conformation
when inhibitor is bound(closed and DNA is is appropriate, dependent on the availability of
bound (open; or it may reflect inherent ‘floppi-  DNA or inhibitor.

ness’ in the structure: the position of the N- The bead model of p50 complexed witkBly
terminal domain of p65 in the crystal structure of shows that the modelled-in seventh ankyrin repeat
the p50—p65 heterodimer complexed wikBl is may in fact obstruct the DNA-binding site of p50.
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Fig. 7. Orthogonal views of the p5S0<By complex bead model in the closed conformation: g&aMite beads, IkBvy (grey beads
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Interestingly, in the complex model theBy C-
terminal peptide interacts with the N-terminus of
p50. It is tempting to speculate that strong non-
covalent interactions between the two make a
conformational change in p50 more difficult, pos-
sibly explaining why p50 has not been observed
to interact with DNA in the presence ofB-~.
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