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Biomolecular polyelectrolyte complexes can be formed between oppositely
charged intrinsically disordered regions (IDRs) of proteins or between IDRs
and nucleic acids. Highly charged IDRs are abundant in the nucleus, yet few
have been functionally characterized. Here, we show that a positively charged
IDR within the human ATP-dependent DNA helicase Q4 (RECQ4) forms coa-
cervates with G-quadruplexes (G4s). We describe a three-step model of charge-
driven coacervation by integrating equilibrium and kinetic binding data in a
global numerical model. The oppositely charged IDR and G4 molecules form a
complex in the solution that follows a rapid nucleation-growth mechanism
leading to a dynamic equilibrium between dilute and condensed phases. We
also discover a physical interaction with Replication Protein A (RPA) and
demonstrate that the IDR can switch between the two extremes of the struc-
tural continuum of complexes. The structural, kinetic, and thermodynamic
profile of its interactions revealed a dynamic disordered complex with nucleic
acids and a static ordered complex with RPA protein. The two mutually
exclusive binding modes suggest a regulatory role for the IDR in RECQ4
function by enabling molecular handoffs. Our study extends the functional
repertoire of IDRs and demonstrates a role of polyelectrolyte complexes
involved in G4 binding.

Guanine-rich nucleic acid sequences are prevalent in animal genomes  bonds linking four guanine bases around a cationic core’*. G4s con-
and can spontaneously form G-quadruplexes (G4s) under physiologi-  stitute a diverse family of highly stable DNA structures adopting par-
cal conditions'. These non-canonical secondary structures consist of allel, hybrid or antiparallel topologies according to the pattern of the
repeating structural motifs called G-quartets that are stackeduponone  strand polarities and the orientation of the loops>°. G4 sequences have
another and are held together by an extensive network of hydrogen been mapped within replication origins®’, mitochondrial DNAS,
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telomeric ends’, gene promoter regions'®", and oncogenes”, and
therefore have been implicated in a range of biological processes.
Although G4s act as functional regulatory elements in different cellular
contexts, they often need to be unfolded to prevent impediment of
various DNA metabolic processes” such as DNA replication'*”, epi-
genetic control'®%°, telomere homeostasis?, and transcription®.

DNA helicases in the RECQ*?°, FANCJ”?°, DEAH/RHA**?!, and
PIF1°>** families prevent G4-induced genome instability by selectively
recognizing and unwinding G4s*. Through scarce structural studies
and FRET-based kinetics, G4 unwinding models have been proposed
for a subset of these helicases* . Aside from DNA helicases, replica-
tion protein A (RPA), the most abundant ssDNA binding protein, has
also been implicated in destabilizing G4 structures®*. In particular,
RPA has been shown to facilitate the role of several helicases by direct
protein-protein interactions or trapping unfolded G4s"”***,

Over the past years, protein phase separation has been reported
in many biological processes, and nucleic acids are widely involved in
regulating biological condensates**. For example, DEAD-box RNA
helicases, play critical roles in many aspects of RNA metabolism by
undergoing liquid-liquid phase separation (LLPS) with their RNA tar-
gets and other proteins*. However, LLPS studies on DNA helicases are
still minimal*®, and it is not known if the formation of biomolecular
condensates could be involved in G4 metabolism.

Among the RECQ DNA helicases, RECQ4 has a unique domain
organization*” (Fig. 1a). It lacks the RecQ C-terminal (RQC) domain
required for G4 unwinding by the other family members. On the other
hand, it features an N-terminal region that includes segments homo-
logous to the SId2 protein, an essential DNA replication factor in
deeper-branching eukaryotes*®., This Sld2-like region (amino acids
1-400) of RECQ4 is important for DNA replication®” and is indis-
pensable for viability in metazoans®>°. Biochemical analysis has
revealed multiple DNA binding sites in the Sld2-like region, which can
recognize various DNA structures with a preference for Holliday
junctions®® and G4s”. It also provides a platform for many interacting
partners, suggesting that the Sld2-like region is integral to RECQ4
functions in DNA replication®***, DNA repair®-**, and mitochondrial
maintenance®’. However, the Sld2-like region is largely
unstructured””® (Supplementary Fig. 1), raising the question of what
mechanistic/functional aspects may be associated with the evolu-
tionary conserved prevalence of intrinsic disorder® 5,

Owing to their conformational flexibility and dynamics, intrinsi-
cally disordered regions (IDRs) expand the biomolecular functionality
of ordered proteins and domains®72. They act as hubs mediating

signals upon interaction with multiple targets’; they adopt different
structures upon binding to different partners’”; they participate in
ultra-high  affinity, extreme disorder’®, multivalent””’, or
polyelectrolyte® interactions with the ability to drive liquid-liquid
phase separation®* and the assembly of biomolecular condensates®*.
The diverse functions of IDRs are related to information encoded in
their sequences®. For instance, IDRs of DNA binding proteins are rich
in positively charged residues that engage in DNA contacts®®. However,
itisunknown if such disordered cationic segments can have alternative
functions other than DNA binding and consequently may regulate
biological processes.

Here, we identify a positively charged RECQ4-specific motif
(RSM) that interacts with RPA by undergoing a disorder-to-helix
transition in a static complex with RPA protein. The intrinsic disorder
allows RSM to also engage in polyelectrolyte interactions with
oppositely charged DNA molecules. Interestingly, binding to
G4 structures is followed by associative phase separation. The
comprehensive kinetic analysis revealed that the coacervation of G4
and RSM follows a rapid nucleation-growth mechanism resulting in a
dynamic equilibrium between dilute and condensed phases. RSM
thus can switch between phases, conformational states and binding
partners, providing a mechanism allowing diverse RECQ4 functions
in the cell.

Results

A RECQ4-specific motif mediates an interaction with RPA
Members of the RECQ family are known to interact with RPA by uti-
lizing unstructured motifs in their sequences® . As it has been shown
that RECQ4 depletion in Xenopus extracts suppresses RPA loading at
the origin of replication™, we tested for a physical interaction between
the two proteins in human cells. Using an anti-GFP antibody, we carried
out co-immunoprecipitation (co-IP) experiments of EGFP-tagged
RECQ4 in U20S cells. In contrast to the EGFP control, EGFP-RECQ4-
WT was able to pull-down RPA, suggesting a possible direct interaction
between the two proteins (Fig. 1b).

We then sought to validate the interaction between RECQ4 and
RPA in vitro. RPA is a protein composed of three subunits (RPA70,
RPA32, RPA14) and exhibits a modular architecture’>** that allows
globular domains to associate in a trimeric core (70C, 32D, 14), bind
ssDNA (70A, 70B, 70C, 32D), or participate in protein interactions
(RPA70N, RPA32C) (Supplementary Fig. 2). Since RPA mainly associ-
ates with unstructured motifs present in BLM**°°, WRN¥, and other
binding partners’?’, we reasoned that the largely disordered SId2-like
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Fig. 1| An interaction between RECQ4 and RPA. a Schematic representation of
domain organization across the RecQ helicase family. b Immunoprecipitation of
EGFP-RECQ4-WT or EGFP from whole cell lysates by GFP-trap beads. Samples were
run on SDS-PAGE gel and immunoblotted on nitrocellulose membrane with indi-
cated antibodies. The gel is a representative image of two independent

experiments. ¢ The topology of the RPA-RECQ4(SId2-like) association was deter-
mined by NMR to detect physical interactions between segments. RPA modules are
annotated as DNA or protein binders. For the RECQ4 fragment, RPA binding was
further refined and located on RSM. Source data are provided as a Source Data file.
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region of RECQ4 may contain the RPA-interacting site. Therefore, we
performed a pull-down with the Sld2-like region of RECQ4 (aa 1-400)
and RPA heterotrimer and confirmed the direct physical interaction
(Supplementary Fig. 3a). The interaction was further characterized
using 2D nuclear magnetic resonance (NMR) spectroscopy. The addi-
tion of unlabeled heterotrimeric RPA at a 2:1 molar ratio with
BN-enriched RECQ4 (1-400) caused several peaks to broaden beyond
detection (Supplementary Fig. 3b). Such line broadening of NMR sig-
nals results from a substantial increase in the overall molecular tum-
bling rate associated with the formation of a -160 kDa RECQ4-RPA
complex.

Next, we used an NMR-based approach to determine the mini-
mal regions required for the interaction. The Sld2-like region of
RECQ4 was divided into three polypeptides based on the charge
distribution, while on the RPA side, the well-studied protein inter-
action modules RPA70N and RPA32C were selected’*” (Fig. 1c). 2D
Heteronuclear single-quantum coherence (HSQC) spectra of “N
enriched RECQ4 polypeptides were acquired in the absence and
presence of a fourfold excess of each RPA domain. The fingerprint
spectra indicate that the interaction occurs between the RECQ4
region spanning amino acids 322-400 and the RPA32C domain
(Fig. 1c and Supplementary Fig. 3c, d). The specificity of the pairwise
determination was corroborated by monitoring the chemical shift
changes in RPA32C spectra induced by the addition of an excess of
RECQ4322-400) (Supplementary Fig. 4a).

To further delineate the region required for the interaction with
RPA, we assigned the amino acid shifts of RECQ4 3,400y and classified
them as perturbed or non-perturbed upon the addition of RPA32C
(Supplementary Fig. 4a). This allowed us to map the RPA interaction

within a RECQ4-specific motif (RSM; aa 348-388) that is conserved
among various RECQ4 homologues (Supplementary Fig. 4b, ¢). RSM is
intrinsically disordered and contains a basic patch with polyelectrolyte
character composed of several positively charged residues (Figs. 1c
and 2e). A complete set of NMR titration experiments for both RSM
and RPA32C showed that the two proteins interact in a fast exchange
regime in the NMR timescale (Fig. 2a, b). The larger chemical shift
perturbations (CSPs) of RSM involved mainly the cationic residues of
the positive patch, whereas those of RPA32C mapped to an acidic cleft
on the surface of the domain (Fig. 2¢, d). The NMR atomic-level view of
the interaction is in excellent agreement with the common binding
mode of RPA32C that utilizes the very same acidic cleft to associate
with other partners, including UNG2, XPA, SMARCALL, and TIPIN’*?¢,
all of them sharing positively charged residues in their interaction
motif (Fig. 2d and Supplementary Fig. 5a). Unlike the other RPA part-
ners, RECQ4 contains two well-conserved tryptophans in the binding
motif. However, an RSM double tryptophan mutant (W379A/W383A)
did not affect RPA32C binding in vitro as judged by the CSP binding
profile (Supplementary Fig. 5b, c).

To ascertain the importance of the basic patch for the interaction
with RPA, we reversed the charge in five amino acids (R375, K376,
K380, K382, R384; SE-mutant) based on the CSP quantification
(Fig. 2e). As expected, the SE-mutant abolished the binding to RPA32C
in vitro (Supplementary Fig. 6). Next, we evaluated the interaction in a
cell-based experiment by introducing doxycycline-inducible N-term-
inal EGFP-tagged RECQ4 mutant variant into U20S cells (EGFP-RECQ4-
5E) depleted for endogenous RECQ4 and performed co-
immunoprecipitation experiments. We found that RPA co-
precipitation is strongly attenuated with the RECQ4 S5E-mutant
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Fig. 2 | RSM binds the acidic cleft of RPA32C and is critical for RPA-binding

in vivo. a, b Mapping the binary interaction between RSM and RPA32C by NMR
titrations. ®N labeled RSM titrated with zero to fourfold molar addition of RPA32C
(a) and the reverse (b). Well-resolved chemical shift perturbations (CSP) are indi-
cated with arrows. Inset in (a) shows the crosspeaks of tryptophan sidechains.

¢, d Per residue amide CSP of RSM (c) or RPA32C (d) induced by fourfold excess of
the unlabeled partner. (d, inset) Crystal structure of RPA32C in complex with the
SMARCALI peptide (PDB: 4mqv) showing (left) RPA electrostatics and (right)
mapping of the RSM-induced CSPs. e Schematic depiction of RECQ4 protein

showing the wild-type and SE-mutant sequences of the basic patch. Positively
charged residues are shown in blue, and charge reversal substitutions are in red.
f Whole-cell lysates were immunoprecipitated from EGFP-RECQ4-WT, EGFP-
RECQ4-5E, and EGFP unsynchronised or synchronised cells using GFP-trap beads.
Bound proteins were separated on SDS-PAGE gel and immunoblotted with indi-
cated antibodies on the nitrocellulose membrane. IP samples for RPA32 represent
higher exposure of the membrane. The gel is a representative image of two inde-
pendent experiments. Source data are provided as a Source Data file.
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Fig. 3 | RSM forms electrostatically driven high-affinity complexes with DNAs.
a 'H-SN HSQC spectra of 50 uM RSM titrated with double-stranded 10mer DNA
(ds10). Some chemical shift perturbations (CSP) are indicated with arrows. Inset
shows the crosspeaks of tryptophan sidechains. b CSPs of RSM residues induced by
4x molar addition of ds10. ¢ Binding of RSM (dark color, 70 mM ionic strength; light

color, 500 mM ionic strength) to ss10, ds10, HT, or CEB1 DNA monitored by FA
measurements. n =3 independent experiments; data are means + s.d. d Effect of
ionic strength on RSM binding to ds49 or CEB1 DNA quantified in EMSA experi-
ments (see Supplementary Fig. 7f). n = 3 independent experiments; data are means
+s.d. Source data are provided as a Source Data file.

ex vivo, confirming that the basic patch of RSM is the principal
determinant of the RPA-RECQ4 interaction (Fig. 2f).

RSM forms electrostatically driven high-affinity complexes with
various DNA structures

The Sld2-like region of human RECQ4, particularly the RECQ4 325-400)
fragment, has been previously shown to bind various DNA substrates
with a strong preference for G4s*** %%, To elucidate which part of
RECQ4322-400) possesses the DNA binding activity, we inspected the
chemical shift changes of this fragment when bound to a 10-bp double-
stranded DNA (ds10). The NMR analysis showed that only the residues
within the RSM are affected by the presence of the DNA substrate
(Supplementary Fig. 7a). To support this finding, we performed an
Electrophoretic Mobility Shift Assay (EMSA) of various RECQ4 pep-
tides within the 322-400 region with a 49-bp dsDNA (ds49) substrate.
The complex binding profiles observed were indistinguishable, sug-
gesting similar affinities for all tested peptides (Supplementary Fig. 7b,
¢). Our data thus demonstrate that the RSM itself or its shorter version
obtained as a synthetic peptide (SRSM: 358-388) is sufficient for the
DNA binding properties of the RECQ4 322-400) fragment’.

Next, we monitored the interaction by NMR titrations to obtain
atomic-level insight into the DNA binding properties. The RSM binds
ds10 DNA in a fast exchange regime on the chemical shift timescale
(Fig. 3a). CSP analysis showed that DNA binding is mediated by the
positively charged residues of the basic patch (Fig. 3b), highlighting
the dominant role of electrostatics in the interaction. We also com-
pared the CSPs induced by other DNA substrates. The overall pattern
was the same for a splayed-arm (Y14), single-stranded (ss10), or
double-stranded DNA (ds10) with minor differences in the relative
magnitude of CSPs (Supplementary Fig. 8). These data point strongly
to polyelectrolyte interactions dominated by non-specific electrostatic
contacts between the flexible cationic RSM and the negatively charged
DNA molecules. Importantly, the binding of RSM to dsDNA did not
affect the integrity of the DNA helix (Supplementary Fig. 7d). Inter-
estingly, the CSP maps of the RSM bound to DNAs or RPA largely
overlapped, suggesting that the RSM utilizes the same basic patch for
different functions.

To examine the role of electrostatics in DNA binding, we per-
formed Fluorescence Anisotropy (FA) experiments with ss10, dsl0,
and two G4 structures, one with hybrid (HT)°® and one with parallel
(CEB1)'*° topology (Supplementary Table 1). At low ionic strength, the
binding affinities were in the submicromolar range for both G4s and
around one micromolar for ss10 and dslO0 DNAs (Fig. 3c). EMSA
experiments further confirmed the RSM preference for G4 structures.
In a mixed pool of equal amounts of CEB1 G4 and ss20 DNA, RSM
bound the G4 structure with greater affinity than the ssDNA substrate
(Supplementary Fig. 7e). At high ionic strength, binding assessed by FA
was attenuated for the G4s and not reliably detected for both ss10 and
ds10 DNAs (Fig. 3c). EMSA with increasing amounts of salt further
supported the electrostatic nature of the DNA interactions. However,
consistent with the FA results, RSM binding to CEB1 was more resistant
to ionic strength than ds49 (Fig. 3d and Supplementary Fig. 7f). This
data suggests that the versatile DNA binding properties of the RSM
depend on ionic strength.

RSM conformational flexibility modulates distinct and compe-
titive functions

Intrinsic disorder in proteins is often associated with promiscuous
binding'*"'®%. Indeed, our data demonstrate that RSM employs the
physicochemical features of the basic patch to associate with RPA or
various DNA substrates. To obtain detailed mechanistic information
on RSM binding plasticity, we characterized the kinetic and thermo-
dynamic parameters of the interactions along with structural and
dynamic NMR descriptors.

A comparison of NMR titration measurements revealed that the
relatively strong binding of RSM to dsDNA is associated with only small
RSM chemical shift changes (CSPs not larger than 0.1 p.p.m., Fig. 3b). In
contrast, the weaker binding of RSM to RPA32C is associated with
much larger RSM chemical shift changes (CSPs as large as 0.25 p.p.m.,
Fig. 2¢). These observations suggested that RSM complex formation
with dsDNA or RPA32C may involve distinct binding mechanisms. To
explore this, we compared the structural and dynamical traits of the
RSM (Fig. 4a). Analysis of NMR secondary chemical shifts ("H®, 'H", ®N,
Bey, Bee, BCP) provides a sensitive indicator of dynamics and
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Fig. 4 | Distinct and competitive binding modes of RSM to DNA and RPA.

a Random Coil Index order parameters (RCI-S?) and secondary structure from
Chemical Shift Index (CSI) (C: random coil, H: helix) calculated from secondary
chemical shifts and “N R; relaxation rates measured for free RSM (black; 50 pM
RSM) and RSM in complex with DNA (cyan; 4x molar excess dsDNA) or RPA (pink;
16x molar excess RPA32C). Relaxation experiments were performed once. Error
bars represent the standard error of the fitted parameters. b Competitive binding

-2.0 kcal mol”

of DNA (4x molar excess) and RPA (16x molar excess) to 50 uM RSM, observed by
2D NMR titrations and shown for two residues of RSM. Gray arrows indicate peak
trajectories upon binding of each partner, and black arrows indicate peak trajec-
tories upon competition with the other partner (left). Fitted spectra following 2D
line shape analysis of the competition binding (right). ¢ Summary of kinetic, ther-
modynamic, and structural parameters of RSM interactions. Source data are pro-
vided as a Source Data file.

structure'®'®, The chemical shifts of free RSM indicated a highly
disordered peptide with no intrinsic propensity for secondary struc-
ture formation (Fig. 4a and Supplementary Table 2). Similarly, the RSM
chemical shifts in complex with dsDNA showed that it remains rela-
tively flexible and unstructured (Fig. 4a and Supplementary Table 3). In
contrast, the RSM chemical shifts in complex with RPA32C indicated
increased order within the basic patch of RSM, associated with the
formation of a stable a-helix (Fig. 4a and Supplementary Table 4). This
is in line with studies of other peptides which undergo a disorder-to-
helix transition upon RPA32C binding®**° (Fig. 2d and Supplemen-
tary Fig. 5b).

We also performed N R;, R,, and {H}-°N heteronuclear NOE
(nuclear Overhauser effect) relaxation measurements to characterize
the dynamic behavior of RSM (Fig. 4a and Supplementary Fig. 9a). The
BN relaxation rates of free RSM are characteristic of a disordered
peptide with no elements of increased rigidity. Binding to either
dsDNA or RPA32C is mainly characterized by elevated R, values for the
basic patch, which could be due to changes in rotational diffusion or
due to slower processes like folding. Further analysis of the relaxation
rates based on spectral density mapping'®®'”” (Supplementary Fig. 9b,
c) demonstrated internal rigidity for the basic patch in complex with
dsDNA, which increased further when in complex with RPA32C. The
relaxation data agree very well with the structural information enco-
ded by the secondary chemical shifts and the entropy changes asso-
ciated with binding (see below).

These NMR observations demonstrate two distinct modes of
binding mediated by the RSM. RSM forms a dynamic complex with
dsDNA, where internal motions are reduced, but the peptide remains
flexible and disordered. In contrast, binding to RPA32C is accom-
panied by helix formation to yield a static ordered complex. However,
both binding mechanisms rely on the positively charged RSM epitope,
indicating that RPA32C and dsDNA interactions could be competitive
and mutually exclusive.

To test this scenario and shed light on the multifunctional nature
of the RSM, we performed 2D NMR competition measurements of
BN-labeled RSM with dsDNA and RPA32C (Fig. 4b). First, RSM was
titrated up to saturating quantities of dsDNA (4x excess) or RPA32C
(16x excess). Then, each RSM complexed state was challenged with the
competitor (Fig. 4b and Supplementary Fig. 10). In both competition

experiments, RSM peaks lay along linear paths between the peak
positions of the RPA32C- or dsDNA-bound states, confirming that
RPA32C and dsDNA compete for RSM binding. Regardless of the order
of the addition, the equilibrium established at the end was in favor of
dsDNA binding due to the stronger affinity (Fig. 4b). To quantify these
interactions, we performed a 2D lineshape analysis on the complete set
of four titrations. This procedure simulates the complete set of 2D
NMR experiments using a virtual spectrometer approach to determine
the best-fitting spectral parameters (resonance frequencies and line-
widths) and equilibrium and rate constants for a given binding
model'®'*’, To determine dissociation constants and dissociation
rates for dsDNA and RPA32C, RSM residues were fitted globally across
24 titration points to a competitive binding model (Fig. 4b, c). A good
fit was obtained for all RSM residues, and the fitting quality did not
improve by incorporating direct exchange between RPA32C- and
dsDNA-bound states into the binding model. This analysis indicates
that exchange between the two complexes occurs predominantly via
dissociation and re-binding rather than direct displacement and agrees
with the distinct structural states of the RSM when it associates with
dsDNA or RPA32C.

The results of the 2D lineshape fitting above indicate that the
affinity of RSM for dsDNA (K4 6.3+ 0.6 uM) is approximately 20-fold
greater than for RPA32C (K4 117 £ 5uM). As dissociation rates are
roughly comparable, the different affinities are driven primarily by the
difference in the association rates, which we find to be
1.5+0.4x10"°M?* st and 2.4 +1.5x103M™ s for dsDNA and RPA32C,
respectively (Fig. 4c). Notably, the association rate for dSDNA exceeds
even the simplest Smolochowski diffusion limit (ca. 10°M™s?,
neglecting orientational constraints)*>"'°, indicating that formation of
the complex is steered by long-range electrostatic forces. However,
given that the RPA32C binding cleft is also strongly negatively charged,
the reduced association rate to RPA32C by two orders of magnitude is
likely associated with the energetically costly formation of the
observed a-helix. Therefore, we examined the interaction with dsDNA
or RPA32C by Isothermal Titration Calorimetry (ITC) and analyzed the
binding thermodynamics. The dissociation constants determined by
ITC are in good agreement with the ones obtained from NMR com-
petition experiments, confirming a 25-fold stronger binding affinity of
RSM for dsDNA (Supplementary Fig. 11). The associated
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Fig. 5 | RSM-G4 recognition and coacervation. sRSM interaction with (a) parallel
and (b) hybrid G4 was analyzed by ITC experiments (100 uM RSM), CD measure-
ments (10 uM G4), or NMR titrations (50 pM G4). Imino chemical shift perturba-
tions were quantified at SRSM:G4 ratio of 0.75:1 and color mapped in the schematic
diagrams. G4 sequences are indicated. ¢ RSM (10 puM), parallel T95-2T G4 (10 uM) or
their mixture (10 pM each) were analyzed for droplet formation using DIC micro-
scopy. The addition of 500 mM NaCl dissolves the droplets. Images are

representative of three independent experiments. d Droplet formation and colo-
calization of 5 mol % FITC-labeled RSM (10 uM) and 5 mol % Cy3-labeled CEB1 G4 (10
1M). Images are representative of three independent experiments. e Droplet for-
mation (upper panels) and colocalization (lower panels) of 5mol% FITC-labeled
RSM with preformed droplets. Images are representative of two independent
experiments. In all images scale bar =1 pum. Source data are provided as a Source
Data file.

thermodynamic components (AG, AH, and AS) highlighted that the
enthalpic contribution in both interactions is very similar, whereas
substantial differences were observed in the entropic contribution
(Fig. 4c). The large entropy difference cannot be attributed to hydro-
phobic interactions because the binding of both complexes involves
the same positive patch of the RSM (Fig. 4b). Instead, the conforma-
tional properties of the RSM likely account for this phenomenon'2,
The dynamic nature of the RSM-dsDNA complex benefits from con-
formational flexibility, due to entropically favored interactions
between any pairs of charged residues. In contrast, the formation of a
static complex with RPA32C involves specific interactions and RSM
folding into a well-defined helical configuration, which minimizes any
entropic contribution. We conclude that th