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Abstract The androgen receptor protein has specific
domains involved in DNA binding, ligand binding, and
transactivation, whose activities need to be integrated
during transcription activation. The hinge region, more
particular a **RKLKK®** motif, seems to play a crucial
role in this process. Indeed, although the motif is not part of
the DNA-binding domain, its positive residues are involved
in optimal DNA binding and nuclear translocation as
shown by mutation analysis. When the mutated ARs are
forced into the nucleus, however, the residues seem to play
different roles in transactivation. Moreover, we show by
FRAP analysis that during activation, the AR is distributed
in the nucleus in a mobile and two immobile fractions, and
that mutations in the **?RKLKK®* motif affect the dis-
tribution of the AR over these three intranuclear fractions.
Taken together, the “*’RKLKK®*” motif is a multifunc-
tional motif that integrates nuclear localization, receptor
stability, DNA binding, transactivation potential and
intranuclear mobility.
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Introduction

The androgen receptor (AR) belongs to the super family of
the nuclear receptors. Upon ligand binding, the AR trans-
locates to the nucleus, binds to specific DNA response
elements and subsequently regulates gene expression by
the recruitment of co-regulatory complexes. These com-
plexes remodel chromatin, alter DNA topology and
enhance different steps of the transcription process.
Although the major steps involved in this general action
mechanism of nuclear receptors have been documented
abundantly by in vitro biochemical analyses, studies on the
in vivo dynamics of the different players have been limited
and sometimes difficult to reconcile [1].

As all nuclear receptors, the AR has a DNA-binding
domain (DBD) flanked at its N-terminal site by a complex
activation domain (NTD) and at its C-terminal site by the
ligand-binding domain (LBD). Although each of these
domains can act autonomously, their functions need to be
integrated in a correct spatial-temporal sequence to enable
the proper transactivation of the target genes.

The hinge that connects the DBD and LBD was initially
considered just to be a flexible linker, but later on evidence
suggested that it is functionally crucial for the control of
the activity of nuclear receptors [2, 3]. A crystal structure
of the ppARy-RXRo heterodimer on DNA revealed that
this region is implicated in DNA-binding and receptor-
receptor interactions [4]. Bag-1M is a co-chaperone that
interacts with the hinge of glucocorticoid receptor and
down-regulates transactivation [5]. The activities of the
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retinoic acid receptor-o, the glucocorticoid receptor and the
estrogen receptor-o, are regulated by posttranslational
modifications such as methylation [6-9] and acetylation of
their hinge regions [8, 10].

For the AR, the hinge has also been implicated in DNA
binding [11], nuclear localization [12—14], and is a target
for posttranslational modifications [15]. Moreover, many
co-regulatory proteins depend on the hinge for proper
interactions with the AR, and activating as well as inacti-
vating hinge mutations have been described in prostate
cancer biopsies and androgen insensitivity syndromes,
respectively [16, 17].

Here, we identify a 629RKLKK®*? motif that is involved
in diverse features of the AR. We come to the surprising
conclusion that the effect of mutations on transcriptional
activity, DNA binding, nuclear translocation, and intranu-
clear immobility are completely unanticipated. Our data
clearly challenge the current simplified concepts of tran-
scriptional regulation by the nuclear receptors in general
and the AR in particular.

Materials and methods
Plasmid constructs

The pSGs-flag-wtAR plasmid and the A629-636 deletion
mutant (referred to as A11) have been previously described
[19]. Flag-tagged full-length AR mutants containing either
single, double, or quadruple amino acid substitutions were
created by two-step PCR site-directed mutagenesis using
two internal primers and two external primers. The
resulting mutated human AR cDNA fragment was cloned
as a HindlIl/Psyl fragment into the pSGs-flag-wtAR con-
struct, from which the corresponding fragment had been
excised by the same restriction enzymes. pEGFP-(GA)g4-
wtAR and pEGFP-(GA)e-A573D, encoding the full-length
wild-type human AR and the full-length human AR DNA-
binding mutant (AS573D) respectively, and both fused
N-terminally to the enhanced green fluorescent protein
(EGFP), were previously described in [20]. Additional
EGFP-AR fusions (A629-636, R629/K630V, K632/
K633V, and R629/K630/K632/K633V) were created by
subcloning the HindlIl/EcoRI fragments from the pSGs
expression vector bearing the corresponding mutation into
the pEGFP-(GA)q-wtAR vector from which the HindlIll/
EcoRI fragment had been removed. The deletion mutant,
A629-636, has been previously described in [19] where it
is referred to as All. The pEGFP-NLS-(GA)g-wtAR
expression plasmid was created by inserting an oligo-
nucleotide encoding the SV40-NLS (PKKKRKVD) with
BglIl and BamHI sticky ends into the pPEGFP-(GA)q-wtAR
vector that had been digested with Bg/II. Similarly, EGFP-

NLS-AR expression vectors were created for the A573D,
A629-636, R629/K630V, K632/K633V, and RKKK/
VVVV mutants. For simplicity, the R629/K630V, the
K632/K633V, and R629/K630/K632/K633V mutants were
renamed to RK, KK and RK + KK mutants, respectively.

Cell culture, transient transfections, and generation
of stable cell lines

HeLa and COS-7 cells were maintained as previously
described [19]. Hep3B cell lines expressing the various
EGFP-NLS-AR proteins were established and cultured as
described [20]. The stable MMTYV reporter cell line was
established by the integration of a pcDNAS/FRT/TO-
derived vector into the HEK 293 FLP-In cell line according
to Denayer et al. [18]. Transient transfections were pre-
formed as described [19].

Immunocytochemistry and fluorescence microscopy

HeLa cells were seeded into chambered cover glass four-
well Labtek II slides (Sanbio) at 6 x 10* cells/well. The
following day, cells were transfected with 200 ng AR
expression vector per well. Cells were stimulated for 1 h
with 10 nM R1881 before fixation. Proteins were immu-
nostained with the M2 anti-flag antibody (Stratagene),
followed by an incubation with TRITC-conjugated goat
anti-mouse antibody (Sigma-Aldrich). The subcellular
distribution of the expressed proteins was analyzed by
fluorescence microscopy using a Zeiss LSM510 confocal
scanning microscope (Carl Zeiss).

Electrophoretic mobility shift assays

Electrophoretic mobility shift assays were performed as
described [19]. For supershifts, 1 pl of a three-fold dilution
of the M2 anti-flag antibody was added to the extracts prior
to the probe.

FRAP and computer analysis of FRAP data

FRAP studies and computer analyses were performed as
described [20]. FRAP curves were generated by Monte
Carlo computer simulations. In simulations of two immo-
bile fractions with different kinetics, two immobilization/
mobilization probabilities were evaluated each unit time
step. Data from FRAP experiments were fitted to simulated
curves either assuming free diffusion with a diffusion
coefficient of 5.76 pm?%/s (as computed for the A573D
mutant), or assuming the presence of an immobile fraction
(wtAR) with a diffusion coefficient of 1.44 umz/s.
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Results
A putative o-helix in the hinge

Some prostate cancer mutations and deletions in the AR
hinge region are known to result in an increased transac-
tivation potential [19]. Here, we set out to determine the
underlying mechanisms and the amino acids involved in
this phenomenon. Therefore, we set up a valine screening
by substituting every single residue from A628 until T648
by a valine and analyzed the effect on transcriptional
activity (Fig. 1a). From the 21 point mutations we intro-
duced in the hinge region, only those affecting positive
charges (R or K) resulted in a small increase of AR activity
(Fig. 1a). Only the R629V and K630V mutants showed a
statistically significant increase activity. Interestingly,
these residues lie within the “*’RKLKK®** motif described
as a nuclear translocation signal [13]. We therefore
investigated the effect of several mutations on the nuclear
translocation of the AR. When compared to the wtAR, we
see an impaired nuclear transport when the positively
charged residues are affected (Fig. 1c). With regards to the
other residues in this motif, only the G635V mutant dem-
onstrated a reduced nuclear translocation.

The structural prediction program, Predictprotein [21],
proposes that part of the hinge region between amino acids
G627 and N636 forms an amphipatic a-helix (Supple-
mentary Fig. 1a). To establish whether the increase in
activity was a result of a disruption of this putative helical
structure, we disrupted this helix by converting A628,
L631, and L634 to asparagines (A628N, L631N, L634 N),
but we did not observe any significant changes in AR
activity (Supplementary Fig. 1b). In addition, L631P and
L634P mutations also had no effect on activity. By con-
trast, the K632P and K633P mutations showed an increased
activity (Supplementary Fig. Ic) very similar to that of
K632V and K633V seen in Fig. la. It thus appears that it is
the charged nature of the side chains, rather than the sec-
ondary structure, that is of importance to the inhibitory
function of this region. Western blots for each set of
mutants indicate that they are expressed to similar levels as
wtAR (Fig. 1a and Supplementary Fig. 1d).

Multiple functions of the **?RKLKK®** hinge motif

Some prostate cancer mutations as well as experimental
deletions in the hinge region result in an increased trans-
activation potential of the AR [10, 19]. A mutation analysis
of the hinge region revealed that substitutions affecting
positively charged residues result in an increase of AR
activity (Fig. 1 and Supplementary Fig. 1). Only when
double mutants were analyzed did we observe an effect on
DNA binding (Fig. 2b). However, the double RK and KK
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Fig. 1 Substitution analysis of the AR hinge region. a Functional
analysis. A TAT-GRE-based reporter was co-transfected in HeLa
cells with AR expression plasmids as indicated. Results are shown as
10 nM R1881 induction factors £ SEM. *p < 0.05 versus wtAR as
determined by the Student’s r-test. Western-blot data for each mutant
is given below the X-axis. b Electromobility shift assays. The labeled
TAT-GRE probe was incubated with cell extracts containing the
indicated mutant AR. The shifted complexes are indicated with an
arrowhead. The supershifts, which are indicated with an asterisk,
were obtained by adding an anti-flag antibody. Western blots of the
extracts are shown at the right. ¢ Nuclear translocation studies. HeLa
cells were transfected with the indicated AR expression vectors,
stimulated, fixed, and immunostained. Cellular localization of the
expressed AR proteins was analyzed by fluorescence microscopy

mutants are affected differently. The KK double mutant
binds DNA well and undergoes nuclear translocation but
displays a dramatic increase in potency, while the RK and
quadruple RK + KK mutants have a lowered activity,
strongly reduced nuclear import and low affinity for DNA
(Fig. 2).

These four charged residues form what we here call the
029RKLKK®?® motif which overlaps with the nuclear
translocation signal [12]. To exclude that the changes in
activity of the A629-636, RK, KK, and RK + KK mutants
are a direct effect of their impaired nuclear translocation,
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Fig. 2 The effect of duplicate or quadruplicate mutations in the
S29RKLKK®*® motif. a Functional analysis. A TAT-GRE-based
reporter was co-transfected in HeLa cells with AR expression
plasmids as indicated. Results are shown as normalized luciferase
units. Western-blot data for each mutant is given below the X-axis. b
Electrophoretic mobility shift assays. The labeled TAT-GRE probe
was incubated with cell extracts in which the mutated ARs have been
over-expressed. The shifted complexes are indicated with an arrow-
head. The supershifts, which are indicated with an asterisk, were
obtained by adding an anti-flag antibody. Western blots of the extracts
are given at the right. ¢ Nuclear translocation studies. HeLa cells were
transfected with the indicated AR expression vectors, stimulated,
fixed, and immunostained. Cellular localization of the expressed AR
proteins was analyzed by fluorescence microscopy

the AR mutants were fused to EGFP plus or minus the
SV40-NLS. These fusion proteins all display nuclear
localization after hormone stimulation. The SV40-NLS
fusion does not change the ability of wtAR and KK mutant
to transactivate transcription on plasmid-based or chro-
matin-based templates. Despite its reduced DNA binding
(Fig. 2b) the RK mutant was rescued by the NLS fusion,
while the quadruple RK + KK mutant was not (Fig. 3).

The *RKLKK®* motif regulates intranuclear mobility

The fusion of EGFP also enabled studies of the effects of the
629RKLKK®** motif mutations on the in vivo intranuclear
mobility by fluorescence recovery after photobleaching
(FRAP) assays. For the inactive AR mutant that lost DNA
binding (A573D), only a mobile fraction could be com-
puted. This highly mobile DNA-binding mutant was
included as a control in our FRAP experiments. These data
are consistent with previous reports [20].
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Fig. 3 Activity of hinge region mutants when localized in the
nucleus. a Nuclear localization study. Confocal images of Hep3B
cells stably expressing EGFP-NLS-AR proteins. b Functional anal-
ysis. Hep3B cells or the MMTV stable cell line were transiently
transfected with the indicated expression vector. For the Hep3B cells,
the TAT-GRE-luc reporter was cotransfected. Results are shown as
normalized luciferase values = SEM. ¢ Western blot. The indicated
receptor proteins fused to EGFP plus or minus the SV40-NLS were
expressed in HeLa cells and detected with an anti-flag antibody

In Fig. 4a, the FRAP curve for wtAR shows a relatively
slow diffusion and secondary redistribution that is typical
for a protein distributed over both a mobile and a tran-
siently immobile fraction. In parallel FRAP experiments,
all the AR hinge mutants have a faster recovery compared
to wtAR (Fig. 4a and b). Closer inspection of the curves
over the first seconds of recovery revealed significant dif-
ferences in mobility (Fig. 4c and d).

Computational analysis of fitted FRAP data

FRAP data analysis using computer simulations gives rise
to three quantitative mobility parameters, i.e.: diffusion
coefficient, immobilized fractions, and retention times.
These best-fitting simulations suggest the possibility that
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Fig. 4 Intranuclear distribution
and mobility of EGFP-NLS-AR
proteins as measured by FRAP.
a—d Fitted curves of
experimental FRAP data. FRAP
data of wtAR is plotted on all
curves for comparative
purposes. Three independent
experiments were performed
and data represent the mean of
at least 45 cells. e Schematic
representation of analysis of
FRAP data. FRAP data fitted
best with simulated curves with
indicated parameters for
immobile fractions and
residence times. The percentage
of molecules residing within the
long immobile fraction (LIF)
and short immobile fraction
(SIF) are quantified in the pie
charts. The remaining
molecules were assumed to all
reside in the freely diffusing
mobile fraction. Residence time
characterizes the mean
immobilization of individual
ARs in seconds. The calculated
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wtAR is distributed between at least three different frac-
tions (Fig. 4e). Approximately one in four wtAR molecules
are engaged in a long immobile fraction (LIF), with a
retention time of approximately 12 s. Secondly, half of the
AR molecules are involved in short-lived types of binding,
which is here referred to as the short immobile fraction
(SIF) with an estimated retention time of 0.1 s. The
remaining AR molecules are referred to as the mobile
fraction and are freely diffusing similar to the DBD mutant.
For the A629-636 mutant, a similar dual-binding behavior
was observed although with different distribution of the
molecules across the various fractions (Fig. 4e). For the
RK mutant, there appears to be no LIF and only 10% of
these receptors are in the SIF. By contrast, the KK mutant
curve suggests a complete loss of the SIF and the presence
of only 5% of receptors in a LIF. Conversely, mutating the
629RKLKK®** motif results in a dramatic increase of the
immobile AR fraction.

Discussion

A role of the hinge region of the steroid receptors in
nuclear translocation and DNA binding has been well

D Short Immobile Fraction

D Long Immobile Fraction

documented, but its possible implication in the transacti-
vation properties is unclear [11, 22-25]. Deletion of the
029RKLKK®*® motif from the AR hinge resulted in a
receptor with strongly reduced DNA binding and virtual
exclusion from the nucleus, but with an increased trans-
activation potential [19]. In an effort to explain the
apparent contradictions between these data, we dissected
this motif and were able to ascribe different functions to
different residues.

Nuclear translocation and transactivation

First, we confirmed that the positive residues in the
629RKLKK®** motif are involved in the hormone-induced
nuclear translocation and transcriptional activity of the AR
(Fig. 1 and Supplementary Fig. 1). Since the deletion of
the RKLKKLGN fragment was shown earlier to be suffi-
cient to induce a higher AR activity, we further focused our
attention on the positive residues in this part. Mutation of
lysine K638 also appears to have a slightly increased
activity (Fig. la). Since this increase is not statistically
significant, the K638 residue was left out of further studies.

R629 and K630 are imperative for the ligand-induced
nuclear translocation (Fig. 2c and Table 1), and this is most
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Table 1 Summary of the results obtained with wtAR and mutant proteins

Without SV40-NLS

EGFP-SV40-NLS

Activity Localization DNA binding Long immobile fraction Short immobile fraction
wtAR — N>C - 25% 50%
A629-636 " N>C L ! 1
RK ! N<C 1 - i
KK I N>C ! ! -
RK + KK ! N<C - ND ND

Data for wtAR, A629-636, RK, KK, and RK + KK represented in Figs. 2, 3, and 4 and in a previous study [19] are summarized. Transcriptional
activity, cellular localization and DNA binding affinity are shown as observed in the absence of the SV40-NLS. Data on the long and short
immobile fractions are derived from the FRAP experiments with the EGFP-NLS-fusion proteins

Arrowheads facing upwards represent increases, whereas arrowheads facing downwards represent decreases. The number of arrows depicts the
relative degree of increase or decrease with regards to wtAR. Horizontal arrows represent behavior similar to wtAR, whereas dashes indicate a

loss of the function

LIF long immobile fraction, SIF short immobile fraction, ND not determined

likely the explanation for the reduced activity displayed by
these mutants (Fig. 2a). K632 and K633 act as secondary
regulators for nuclear translocation (Fig. 2c). Our data fit
with the recently described crystal structure of the AR
NLS-importin o« complex [13]. Single point mutations
within this NLS lower the binding affinity for the importin-«
and consequently affect the nuclear translocation.

The importance of the positively charged residues in
regulating transcriptional activity (Fig. 1a) was confirmed
when using double or quadruple substitutions (Fig. 3a). To
eliminate the effect of changes in nuclear translocation on
the activity of the various AR mutants, they were fused to
the SV40-NLS (Fig. 3b). This did not affect the activity of
the wtAR and KK proteins, which were already translo-
cated to the nucleus in the absence of the SV40-NLS
(Fig. 2c). The A629-636 and the RK proteins have an
almost exclusive cytoplasmic fraction in the absence of the
SV40-NLS (Fig. 2¢) [19]. Addition of the NLS facilitates
the nuclear translocation of both mutants (Fig. 3a) and the
activity of the RK mutant increased substantially (Fig. 3b).
On the chromatinized template, but not in transient trans-
fections the fusion of an NLS to the KK mutant lowers the
activity. The reason for this remains unknown.

Experiments with EGFP-NLS-RK show that residues
R629 and K630 are essential for translocation to the
nucleus, but are not necessary for the transactivation
properties of the AR. This means that nuclear localization
of the AR is required for a full androgen-induced response,
but it also means that the **RKLKK®* motif has an
additional separate role in the transactivation mechanism of
the AR.

DNA binding and intranuclear mobility

An obvious necessary step in transcriptional activation by
the AR via androgen-responsive reporter genes is the

requirement for direct binding to DNA. The **’RKLKK®**?
motif is clearly involved in AR binding to androgen-
response elements (ARESs) in vitro. It is surprising that all
mutant proteins that have a decreased in vitro DNA affinity
possess an increased activity compared to wtAR (Table 1).
However, when the positively charged residues in the
629RKLKK®? motif are all substituted, the protein is no
longer transcriptionally active, even when forced into the
nucleus. This is most likely the result of the inability of the
RK + KK mutant to bind to AREs (Fig 2b).

To reconcile the strongly reduced in vitro affinity for
AREs with the increased transactivation, we propose that
the mutant ARs are cycling faster at the androgen-regulated
enhancers. The ‘hit-and-run” mechanism is well estab-
lished now for nuclear receptors such as the glucocorticoid
receptor and the estrogen receptor [1, 26, 27]. In this
model, the receptor only transiently interacts with the
promoter (‘hit’). Other factors are recruited such as chro-
matin  remodeling complexes, histone modifying
complexes, and components of the transcription machinery
in a time-regulated sequential way [1, 26, 27]. The receptor
itself is displaced from the hormone response elements
(‘run’). Such faster cycling of ‘hits-and-runs’ might result
in a more rapid recruitment and hence cycling of the co-
activator complexes. Faster cycling should then lead to an
intensified RNA polymerase II recruitment/initiation at the
AREs.

In order to study the effects of **?RKLKK®* motif
mutations on the in vivo intranuclear mobility, we made
use of the FRAP technique (Fig. 4a—d). For this purpose,
we developed cell lines (Hep3B) that stably express the
EGFP-NLS-AR protein described above. After 1 h of
hormone stimulation, all the stably expressed proteins were
predominantly localized in the nucleus. In Fig. 4, the
FRAP curve for wtAR shows the relatively slow diffusion
and secondary redistribution that is indicative for the fact
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that this protein possesses both a mobile and a transiently
immobile fraction. For the inactive AR mutant that lost
DNA binding (A573D), only a mobile fraction could be
computed. This highly mobile DNA-binding mutant was
included as a control in our FRAP experiments. These data
are consistent with previous reports [20].

Computational analysis of the experimental data
allowed us to demonstrate that the wtAR is distributed
between at least three different fractions: LIF, SIF, and
freely diffusing fraction (Fig. 4e). The distribution between
two immobile fractions has previously been demonstrated
for other transcription factors [29]. Also, for the AR Klokk
et al. [26] showed two transiently immobile fractions on an
array of chromatinized MMTV-LTR promoter. By means
of specific AR mutants, we provide the first lines of evi-
dence that AR action is regulated at the subnuclear level by
alternate interaction times with subnuclear structures, and
that this regulation is maintained by the positively charged
residues at the N-terminus of the hinge region (Table 1).

Based on the correlations between DNA binding en
FRAP data of the ?RKLKK®*® motif mutants, it is very
likely that the differences in immobile fractions are
explained by changed DNA-binding properties. Loss of
DNA binding results in a freely migrating AR. A lower in
vitro DNA binding affinity is correlated with a decrease of
both types of mobile fractions. We propose a link between
the LIF and high affinity for DNA in vitro since the resi-
dues R629 and K630 that are involved in strong DNA
binding are also essential for the LIF. With the presented
data, we cannot exclude which mechanisms are behind the
long and short immobile fractions of the AR.

The correlation between increased transcriptional activ-
ity and lower DNA binding affinity with shorter residence
time in the LIF supports our theory of a faster cycling at the
response elements resulting in higher activity (Table 1).
One possible hypothesis to explain these apparent con-
tradictions would be what we refer to as the “anchor
theory”. In a recently proposed model, a sequence-specific
binding protein can diffuse rapidly in the nucleus and bind
very shortly non-specifically to chromatin [30]. Alterna-
tively, it can slide along the chromatin fiber until it
encounters a specific site, resulting in a more stable binding.
In our anchor theory, we propose that the “?’RKLKK®*?
motif functions as a stabilizer for DNA interactions in
chromatin. This would explain why the RK and KK mutants
have reduced affinity for AREs and display reduced LIF and
SIF. One of these fractions could contain for example
receptors scanning the chromatin for AREs.

It is indeed tempting to speculate that the immobile
fractions represent DNA- or chromatin-binding receptors.
However, the AR distribution between, and the composi-
tion of, the different immobile fractions might not only be
determined by DNA binding. It would be interesting to see

what the role of different co-activators in the different
immobile fractions is.

Transcriptional productive complexes are rarely formed
on promoters [1, 30]. Transcription initiation requires the
occurrence of a specific sequence of events. Each such
event is the result of many rapid stochastic and transient
collisions of factors that are unproductive [1, 30]. Indeed,
differences between the two immobile fractions LIF and
SIF could be explained by interactions between the AR and
co-regulators. The mutations we introduced might have
differential effects on hinge-interacting coregulators.
Indeed, a large number of co-regulators have been shown
to interact with the AR at sites overlapping with the hinge,
including coactivators [10, 31-38], but also corepressors
[10, 31, 39]. In addition, mutation within the “**KLKK**
motif can alter the binding of the co-regulators p300,
HDACI, and NCoR [10, 31]. The hinge region of the AR
can be modified by phosphorylation, acetylation, SU-
MOylation, neddylation, and ubiquitylation, and these
covalent changes affect receptor stability, subcellular
localization, and interaction with other proteins [40, 41].
The multitude of possible interaction partners can result in
different complexes, each having their own mobility and
transactivation potential.

Taken together, the “?RKLKK®**® motif in the hinge
region of the AR is a multifunctional domain that integrates
nuclear localization, receptor stability, DNA binding,
transactivating potential, and intranuclear mobility
(Table 1). In this study, we define the role of the
029RKLKK®*® motif in these processes. Mutations that
decrease DNA binding, but conserve activity, show an
increased intranuclear mobility. We provide the first lines
of evidence that indicate that AR action is regulated at the
subnuclear level by alternate interaction times with sub-
nuclear structures, and that the 629RKLKK®? motif in the
hinge region plays a crucial role in these processes. At this
moment, the characteristics of these different fractions are
unknown, but DNA/chromatin interactions rather than
coactivator recruitment seem to be a main player.
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