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ABSTRACT

To analyze the interaction of human replication
protein A (RPA) and its subunits with the DNA
template–primer junction in the DNA replication fork,
we designed several template–primer systems differing
in the size of the single-stranded template tail (4, 9, 13,
14, 19 and 31 nt). Base substituted photoreactive dNTP
analogs—5-[ N-(2-nitro-5-azidobenzoyl)- trans -3-amino-
propenyl-1]-2 ′′′′-deoxyuridine-5 ′′′′-triphosphate (NAB-4-
dUTP) and 5-[ N-[N-(2-nitro-5-azidobenzoyl)glycyl]-
trans -3-aminopropenyl-1]-2 ′′′′-deoxyuridine-5 ′′′′-triphos-
phate (NAB-7-dUTP)—were used as substrates for
elongation of radiolabeled primer –template by DNA
polymerases in the presence or absence of RPA.
Subsequent UV crosslinking showed that the pattern
of p32 and p70 RPA subunit labeling, and conse-
quently their interaction with the template–primer
junction, is strongly dependent on the template
extension length at a particular RPA concentration, as
well as on the ratio of RPA to template concentration.
Our results suggest a model of changes in the RPA
configuration modulating by the length of the template
extension in the course of nascent DNA synthesis.

INTRODUCTION

The eukaryotic single-stranded DNA (ssDNA) binding
protein, replication protein A (RPA), is a stable heterotrimer
consisting of subunits with molecular masses of 70, 32 and
14 kDa, correspondingly called p70, p32 and p14. This protein
has multiple functions in various processes of DNA metabolism
(reviewed in 1). RPA is required during the initiation and elongation
stages of DNA replication and is involved in both DNA repair
and recombination.

The interaction of RPA with ssDNA has been extensively
studied. The major ssDNA binding activity of RPA belongs to the
p70 subunit (1). It has been shown that a total of three independent
DNA binding sites exist in this subunit, which have been designated
domains A, B and C, respectively (2). Crystallographic studies of

a subfragment of p70 comprising domains A and B confirm
that both are indeed involved in ssDNA binding (3). The role
DNA binding domains located on the p70 RPA subunit in bo
double-stranded DNA (dsDNA) binding and helix destabilizatio
was examined recently (4,5). The fourth DNA binding domai
domain D, of RPA resides in the p32 subunit (2,6). The p
subunit can be crosslinked to ssDNA, although only as part
the RPA complex and only at low efficiency (7). In the
complex with p14 alone, the activity of the ssDNA bindin
domain was only revealed if the subunit was truncated N- a
C-terminally (6). Interaction of the p32 subunit of RPA with
nascent DNA in replicating SV40 chromosomes indicates th
the p32 subunit contacts early intermediates produced by D
polymeraseα–primase but not more advanced products (8).

Different modes of RPA binding to ssDNA have bee
reported whereby RPA shows different occlusion sites (9–1
For human RPA two different kinds of DNA complexes hav
been found, those in which RPA occupies stretches of 8–
and 30 nt, forming the so-called 8 nt and 30 nt complex
(10,11). These complexes exhibit different affinity for DNA
(10). In addition, scanning electron microscopy has revea
structural differences between these RPA–DNA complex
which depend on both protein–protein interactions and t
available length of ssDNA for RPA binding. The 30 n
complex appeared to be more elongated and exists
contracted and extended structures, respectively. Based on
stability of the complexes it was hypothesized that the globu
and the contracted elongated forms represent binding transi
states to the extended elongated form in which RPA is bou
to DNA more stably (10,11).

Although the study of the interactions of RPA with variou
ssDNA templates is well advanced it cannot tell us much abo
the interactions of RPA with DNA during the process of DNA
replication. A DNA duplex with an extended template strand
more informative since such a primer–template configurati
represents an appropriate model of the DNA structure operatin
the replication fork. One of the most promising techniques f
analyzing RPA subunit arrangement around such a DN
template is the method of photoaffinity labeling. Photoreacti
primers have been synthesizedin situby DNA polymerases by
using base substituted dNTPs carrying photoreactive arylaz
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groups that permit the introducion of a photoreactive group at
the 3′-end of the primer (13,14). This technique proved to be a
powerful tool to identify various complexes of RPA with DNA
and evaluate RPA subunit arrangement near the template–
primer junction even when these structures are not stable
enough to be studied by other techniques (13,14). In addition,
it has been demonstrated by us that the pattern of subunit labeling
is changed when the template extension is shortened (13).

In the present work we varied the template extension length
systematically to find the length of single-stranded template
tail that induces the transition in RPA conformation. This
resulted in varying efficiencies of p32 and p70 interaction with
the template–primer junction. To analyze cooperative RPA
binding to DNA, we changed the RPA:DNA duplex concentration
ratio. We demonstrated with these experiments that the RPA
configuration was strongly dependent on both the template
extension length, and the RPA:DNA ratio. The data revealed a
template-dependent transition of RPA conformation when the
p70 subunit bound to the single-stranded tail of the template
became more accessible to the 3′-end of the primer than p32.
Such a transition might take place as the template strand
becomes shorter in the course of nascent DNA synthesis.

MATERIALS AND METHODS

Proteins and nucleotides

Recombinant polymeraseβ (pol β) and the Klenow fragment
of Escherichia coliDNA polymerase I (KF) were purified
according to Beard and Wilson (15) and Joyce and Grindley
(16), respectively. RPA was expressed inE.coli and purified as
described (17,18). Rainbow colored protein molecular mass
markers were from Amersham. [γ-32P]ATP was from ICN.
Synthetic oligonucleotides were obtained from GENSET.
Dephosphorylated primers were 5′-phosphorylated with T4
polynucleotide kinase (New England Biolabs) as described
(19). Unreacted [γ-32P]ATP was separated by passing the mixture

over a Nensorb-20 column (Du Pont) using the manufacture
suggested protocol. The photoreactive nucleotide analogue
[N-(2-nitro-5-azidobenzoyl)-trans-3-aminopropenyl-1]-2′-deoxy-
uridine-5′-triphosphate (NAB-4-dUTP) and 5-[N-[N-(2-nitro-
5-azidobenzoyl)glycyl]-trans-3-aminopropenyl-1]-2′-deoxyuri-
dine-5′-triphosphate (NAB-7-dUTP) (see Fig. 1) were synthesiz
and characterized essentially as described (20).

Primer–template annealing

Primers were annealed to templates at a molar ratio of 1:1
10 mM Tris–HCl, pH 7.5, 5 mM EDTA by heating the mixture
at 90°C for 3 min and then the mixtures were allowed to co
slowly to room temperature. The sequences of the primers
templates used were as follows (note that the length of
ssDNA extension of the primer–templates depicted below
reduced by 1 nt after incorporation of the photoreactiv
nucleotide at the 3′-end):
System 1 (31 nt ssDNA extension)

5’-TTTTTTTTTTTTGGTTCGATATCGTAGTTCTAGTGTATAGCCCCTACC-3’

3’-CACATATCGGGGATGG-5’
System 2 (19 nt ssDNA extension)

5’-GGTTCGATATCGTAGTTCTAGTGTATAGCCCCTACC-3’
3’-CACATATCGGGGATGG-5’

System 3 (14 nt ssDNA extension)
5’-GATATCGTAGTTCTAGTGTATAGCCCCTACC-3’

3’-CACATATCGGGGATGG-5’
System 4 (13 nt ssDNA extension)

5’-ATATCGTAGTTCTAGTGTATAGCCCCTACC-3’
3’-CACATATCGGGGATGG-5’

System 5 (9 nt ssDNA extension)
5’-CGTAGTTCTAGTGTATAGCCCCTACC-3’

3’-CACATATCGGGGATGG-5’
System 6 (4 nt ssDNA extension)

5’-TTCTAGTGTATAGCCCCTACC-3’

3’-CACATATCGGGGATGG-5’

Primer elongation in the presence of photoreactive dNTP
analogs

Conditions for elongation of oligonucleotides by photoreactiv
analogs of dNTPs were identical to those used for pho
crosslinking. DNA synthesis was initiated by addin
polymerase and carried out for 30 min at 25°C. The reaction
was terminated by adding 10µl of 90% formamide, 50 mM
EDTA and 0.1% bromophenol blue. The mixture was heat
for 3 min at 80°C and products were analyzed by electro
phoresis followed by autoradiography (19).

Photochemical crosslinking

RPA was photoaffinity labeled with photoreactive primer
synthesizedin situ using NAB-7-dUTP or NAB-4-dUTP and
pol β or KF. Reaction mixtures (10 or 20µl) contained 50 mM
Tris–HCl pH 7.8, 10 mM MgCl2, 50 mM KCl, 1.4 or 2.7µM
pol β or 1 µM KF, 0.2 or 0.8 µM template–5′-32P-primer,
10µM photoreactive analogs and 0.4–2.4µM RPA as indicated.
The reaction mixtures were incubated at 25°C for 30 min to
allow elongation of the primers. Then the mixtures we
spotted onto parafilm placed on ice. The samples were then
irradiated for 20 min with a Bausch and Lomb monochromat
equipped with an HBO W super-pressure mercury lamp. U
light of 320 nm was used for crosslinking. Reactions we
stopped by adding Laemmli buffer and heating. The pho
chemically crosslinked protein–DNA samples were separated
SDS–PAGE (21). Dried gels were subjected to autoradiograp
or quantitated using a PhosphorImager (Molecular Dynamic

Figure 1. Structural formulae of photoreactive dUTP analogs. The photoreactive
arylazido group of NAB-4-dUTP and NAB-7-dUTP is attached to the nucleotide
by a spacer of 10 and 12 Å, respectively.
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RESULTS

The structures of base substituted arylazido derivatives of
dUTP used in this study are shown in Figure 1. The photoreactive
properties of dUTP analogs allow UV irradiation with light at
wavelengths >300 nm, which is far beyond the absorbency
maxima of nucleic acids and proteins. Indeed, we did not
observe enzyme inactivation under these conditions (data not
shown). The analogs were shown to be effective substrates of
pol β (13,14). We have worked out conditions that allowed us
to introduce a single photoreactive moiety into the 3′-end of
32P-labeled photoreactive primers using a primer elongation
reaction catalyzed by polβ (Fig. 2). Each of our template–
primer systems was equally well elongated with the nucleotide
analog (compare lanes 1–3, system 1; lanes 4–6, system 2;
lanes 7–9, system 3; lanes 10–12, system 4; lanes 13–15,
system 5; lanes 16–18, system 6). We did not detect any
influence of RPA on the primer elongation reaction (compare
lanes 2 and 3, 5 and 6, 8 and 9, 11 and 12, 14 and 15, and 17
and 18). We, therefore, used these conditions for the synthesis
of a photoreactive primer before UV crosslinking in the presence
or absence of RPA. One of the most interesting aspects is to
identify different RPA conformations depending on the length
of ssDNA interacting with RPA.

To determine the single-stranded template extension length
that is needed to induce subunit rearrangement around the 3′-
end of the primer, we used template–primer systems in which
the protruding template tail varied from 4 to 31 nt. Photoreactive
dUTP analogs (NAB-4-dUTP and NAB-7-dUTP) were used
for primer elongation by polβ. After completing primer elongation
in the presence or absence of RPA, reaction mixtures were
irradiated with UV light (320 nm). Figure 3 shows a representa-
tive experiment of crosslinking efficiencies of RPA subunits to
the different template–primer systems when NAB-7-dUTP
was used as substrate. In the case of the template extension
equal to 31 nt, preferential labeling of p32 with only slight
labeling of p70 was seen (lane 3). The natures of crosslinking
products were proved by immunoprecipitation assay with
specific antibodies against RPA subunits as described (14).
The intensity of p70 labeling increased for the 19 nt template
extension substrate without a strong decrease in p32 labeling
(lane 5). A remarkable increase in p70 labeling was observed

with the 14 nt extension, accompanied by a strong decreas
p32 labeling (lane 7). The former effect increased with the 13
template extension (lane 9). The labeling of p32 became ne
gible starting from the template extension equal to 9 n
whereas slight labeling of the p70 subunit was still detect
(lane 11). The DNA duplex with a 4 nt template extension d
not reveal any labeling of RPA subunits, arguing for a lack
access to RPA crosslinking under these conditions.
PhosphorImager quantification has confirmed the regularity
the change in subunit crosslinking intensities. We have sho
earlier that a DNA duplex with a template extension of one ba
after elongation with a photoreactive group creating a blunt-end
DNA duplex is unable to label RPA (14). Similar data hav
been obtained when another photoreactive analog, NAB-4-dU
was used for the introduction of a photoreactive group into t
3′-end of the primer (data not shown). The Klenow fragment
DNA polymerase I could replace polβ efficiently in the assays
without changing the outcome. However, in that case we we
unable to follow p70 subunit labeling because of the overlapp
molecular masses of p70 crosslinked to photoreactive prim
and the Klenow fragment itself (data not shown).

With each of the template systems used, a decrease in pβ
labeling in the presence of RPA compared to its absence
observed (Fig. 3, compare lanes 2 and 3, 4 and 5, 6 and 7, 8
9 and 10 and 11). This is in line with previous reports that RP

Figure 2. Substrate properties of NAB-7-dUTP. Primer elongation reactions
were catalyzed by polβ in the absence or presence of RPA as indicated. The
single-stranded extension in numbers of nucleotides after incorporation of the
photoreactive nucleotide analog into the template–primer systems is given at
the top of the figure. The position of the 16mer primer strand is marked by an
arrow in the left margin.

Figure 3. Photoaffinity labeling of RPA by photoreactive primers. Prime
elongation reactions using different template–primer structures (0.8µM each)
were carried out by polβ (2.7µM) in the absence or presence of RPA (0.86µM).
The ssDNA extension in numbers of nucleotides after incorporation of t
photoreactive dUTP analog is indicated at the top of the figure for ea
primer–template system. A control reaction (lane 1) contained polβ,
template–primer and RPA without photoreactive nucleotide. After incubatio
reaction mixtures were UV-irradiated. The crosslinked protein–DN
complexes were separated by SDS–PAGE and visualized by autoradiography.
The positions of the free probe as well as crosslinked products and of pro
markers are indicated in the right and left margins, respectively.
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competes with polβ for binding with the template–primer
junction (13,14).

The data presented in Figure 3 demonstrate modification not
only of the RPA subunits but also of the template by the photo-
reactive primer with a photoreactive group at its 3′-end. This
should happen when photoreactive DNA duplex is not
complexed with polβ or RPA. When RPA was added to the
reaction mixtures, the intensity of DNA template modification
was lower than in the experiments when polβ was present in
the reaction mixtures alone (Fig. 3, compare lanes 2 and 3 and
4 and 5). This is presumably the consequence of RPA binding
to the template–primer DNA duplexes. The effect was
stronger, however, for DNA duplexes with a long template
extension than for those with a short extension of the template
strand (Fig. 3, lanes 6–11).

For the experiments shown in Figure 3 we used RPA and
DNA at concentrations of 0.84 and 0.8µM, respectively,
which yielded an ~1:1 molar ratio of RPA to DNA duplex. To
analyze the RPA arrangement on the DNA we varied the RPA
concentration to increase this ratio (Fig. 4). The main idea of
these experiments was to increase the stoichiometry of RPA
binding to the DNA template, i.e. to bind several RPA molecules
to the partial DNA duplex and thus to analyze the effect of
cooperative binding on the pattern of RPA subunit labeling.

For the experiments we have varied the RPA concentration
between 0.4 and 2.4µM in the presence of 0.8 (Fig. 4A) or
0.2µM (Fig. 4B) partial DNA duplexes with extensions of 31
and 9 nt, respectively. The molar RPA to DNA ratios were,
accordingly, for Figure 4A: 0.5 (lanes 2 and 6), 1.0 (lane 3 and 7)
and 3.0 (lane 4 and 8), and for Figure 4B: 2 (lanes 2 and 6),
4 (lane 3 and 7) and 12 (lanes 4 and 8). Elongation of the

primers with NAB-7-dUTP was analyzed separately und
conditions used in the crosslinking experiments (see Fig. 2)

Using the 31 nt extended DNA duplex at molar RPA:DNA
ratios of 0.5 and 1.0 we observed strong p32 and weak p
labeling, respectively (Fig. 4A, lanes 2 and 3), with both p32 a
p70 labeling slightly increased at the higher RPA concentrati
In contrast, with the 9 nt extended template only weak labeli
of p70 was detected, which again was slightly stronger in t
presence of elevated RPA concentrations (Fig. 4, lanes 6
7). With this template, no labeling of the p32 subunit too
place. The crosslinking pattern differed substantially when t
molar ratio of RPA to partial DNA duplex was 2:1 and highe
(Fig. 4A, lanes 4 and 8 and B, lanes 2, 4 and 6–8). In this ca
intensive labeling of both subunits (p70 and p32) was observ
independent of the length of the DNA template used. Simi
data were obtained with the 13 nt extended template (data
shown).

DISCUSSION

To unravel the role of RPA in the various processes of DN
metabolism it might be useful to investigate the binding
RPA to DNA structures other than ssDNA, which mimic mor
closely thein vivo situation. A step forward in this direction
was undertaken for the involvement of RPA during nucleotid
excision repair (22). Using hairpin structures mimickin
damaged DNA, RPA was found to bind ssDNA in a define
polarity. The binding was strong for substrates with a 3′-protrusion
and weak for those with a 5′-protrusion. More intriguingly, the
polarity of RPA binding determined the ability of RPA to
interact with different repair enzymes.

Figure 4. Influence of RPA concentration on photocrosslinking. (A andB) Photoaffinity labeling of RPA by photoreactive primers was done at different R
concentrations using template–primer systems that have a template extension of 31 (system 1, lanes 1–4) and 9 nt (system 5, lanes 5–8), respectively,as indicated at the top
of the figure. Reaction mixtures were composed of 2.7µM pol β, 0.8 (A) or 0.2µM (B) template–primer, 10µM NAB-7-dUTP and various RPA concentrations rangin
from 0.4 up to 2.4µM as indicated. After incubation reaction mixtures were UV-irradiated. The UV-crosslinked products were separated by SDS–PAGE and visualized by
autoradiography. The positions of the free probe as well as crosslinked products and of protein markers are indicated in the left and right margins, respectively.
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During SV40 DNA replication, the viral large T antigen
initiator protein melts 8 bp within the SV40 origin of replication
that represents an entry site for RPA (23,24). After more extensive
unwinding through the helicase activity of T antigen, creating
longer stretches of ssDNA, the cellular DNA polymeraseα–primase
complex is able to synthesize the first RNA primer, which is
then elongated by DNA synthesis (25).

To analyze in detail how the RPA subunit arrangement at the
template–primer junction is influenced by the length of the
template protrusion, in the present work we used template–
primer duplexes with template protrusions ranging in size from
31 to 4 nt. This system could represent a model of the change
in RPA conformation that occurs during the course of nascent
lagging strand DNA synthesis (8). We will present a model of
RPA conformations that act in the replication fork.

The length of the template ssDNA strand determines the
orientation of the RPA subunits within the DNA-bound
complex

We suppose that the different pattern of subunit labeling
observed with varying template tail lengths directly reflects the
arrangement of RPA subunits relative to the 3′-end of the
primer. When RPA binds to an extended template tail (31 or
19 nt) the p32 subunit is positioned in close proximity to the 3′-end
of the primer and restricts p70 subunit contact to solely with
the ssDNA part. In contrast, with shorter extensions (14, 13 or
9 nt) the accessibility of p32 to the 3′-end is significantly
decreased, allowing the p70 subunit to approach the primer end
more closely. It is likely that the orientation of the p32 subunit
in relation to the 3′-end of the primer is determined by the
interaction of p70 with the single-stranded template strand.
This is supported by the experiments in which individual subunits
of RPA were used in similar crosslinking experiments. Only in
the case of p70 was DNA binding found (26).

In accordance with the different RPA–ssDNA complexes
visualized by scanning electron microscopy (11), we suggest
that RPA complexes formed with DNA templates having long
(31 or 19 nt), medium (14 or 13 nt) and short (9 nt) template
tail lengths adopt elongated extended, elongated contracted
and globular shapes, respectively. Globular complexes replace
elongated ones as the DNA contact size decreases from 31 to
8 nt, resulting in a functional transition to unstable DNA binding.
As depicted in the model (Fig. 5), p32 would accordingly contact
(Fig. 5A), be close to (Fig. 5B) or far from (Fig. 5C) the primer
end. It is worth mentioning that p32 becomes accessible for
phosphorylation by DNA-PK only in the elongated extended
conformation (Fig. 5A; 4). Positioning of the p32 subunit
depends on how extensive the p70 contacts with DNA are. p70
possesses three independent binding sites (2), of which domain
A is stable enough for band shift experiments, while domains
B and C need crosslinking to be revealed in this assay
(2; K.Weisshart, unpublished results). In addition, crystallo-
graphic analysis using an 8 nt ssDNA template revealed major
contacts made by domain A, whereas domain B contributed
fewer sites for DNA binding (3). Hence, we favor a model in
which the first contacts of RPA with DNA are made by domain
A. Then, dependent on the template configuration, the other
two domains can also make contacts. Through this engagement
of different DNA binding domains of RPA, the complex
adopts its special conformation, which serves special functions
during the replication process. It is intriguing that p32 also

harbors a DNA binding domain, domain D, but that th
binding domain can access DNA only in the context of th
heterotrimer or if the subunit is truncated (3,6,7,14).

Cooperative interactions determine the binding mode of
RPA to DNA

Human RPA binds DNA with low cooperativity (27,28). We
have used excess RPA to DNA to analyze the influence
cooperativity of RPA binding on its subunit arrangement ne
the 3′-end of the primer. Intriguingly, when RPA was in exces
over DNA we detected a different pattern of RPA subunit labeli
than is the case when working under stoichiometric conditio
We found similar intensities of labeling of both the p70 and th
p32 subunits (Fig. 4) even with the templates harboring a sh

Figure 5. Model of RPA–DNA interactions. (A, B andC) The RPA structures
adopted in the elongated extended, elongated compact, and globular com
form according to the size of the ssDNA template tail. Note that only in th
extended form can the N-terminus of the p70 subunit become available and
make close contacts with the primer terminus. (D andE) Cooperative binding
induces RPA oligomers to partially unwind the duplex region, allowing mor
RPA molecules to bind per ssDNA length.
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tail, which otherwise show hardly any p32 labeling. The
pattern of RPA subunit labeling observed under excess RPA
over DNA could be a consequence of cooperative interaction of
RPA molecules that brings about a change in RPA conformation.
We suppose that a cooperativity-dependent transition in
conformation may take place independently of one or more
partners bound to DNA. Another, and even more reasonable,
explanation is the assumption of a DNA unwinding action of
RPA. A DNA destabilizing activity, which is able to unwind
long stretches of DNA duplex, has been shown earlier
(5,26,29,30). A practically identical pattern of subunit labeling
observed with short (9 nt) and long (31 nt) template tails in the
case of RPA excess suggests DNA unwinding rather than
merely a conformation transition. We suppose that the RPA
molecule nearest to the 3′-end can destabilize the double
strand, allowing further invasion of a region of former duplex
and providing additional room for the second RPA molecule,
which in addition stabilizes the RPA–DNA complex. RPA-
stimulated fraying of the 3′-end of a DNA duplex was demon-
strated by experiments with replicating SV40 chromatin (8).
Our data give significance to the finding that the size of the
melted bubble within the T antigen–ori complex is ~8 nt. Relatively
stable RPA binding to ssDNA of such a size probably demands
cooperative interactions with another RPA molecule (10).
Therefore, when one RPA molecule binds to ssDNA with weak
affinity, cooperative binding of an additional RPA molecule
would significantly strengthen the 8–10 nt RPA interaction.

Interaction of RPA with DNA during the process of DNA
replication

The different conformations adopted by RPA during DNA
binding as described above may be significant for the replication
process. After initial opening of the replication origin by 8 bp
by an initiation protein, RPA will engage with the bubble
structure created in the globular form and assist further
unwinding (26). After more extensive unwinding by a helicase,
RPA will adopt a more elongated configuration, allowing the
p32 subunit to contact the primer end synthesized by the DNA
polymeraseα–DNA primase complex. In this state, the function
of p32 can be regulated by phosphorylation. As the template
ssDNA region becomes very small in the course of nascent
DNA synthesis at the lagging strand, RPA would transit to the
globular state and p32 would as a consequence disengage from
the primer. As a consequence, the RNA–DNA primers face small
gaps at their 3′-ends as suggested by the Nested Discontinuity
Model (8,31,32). Since the globular state binds DNA with low
affinity, it gives RPA the opportunity to leave the DNA,
enabling the gap to be filled. This model is in agreement with
results obtained for SV40 replicating chromosomes, where
p32 was shown to disengage from the primer end when the
RNA–DNA primers reach their mature length (8).

The different modes of RPA binding speak in favor of a very
dynamic role for RPA in DNA metabolism rather than only
being required to stabilize ssDNA structures in the course of
DNA synthesis. It is very likely that RPA modulates specific
DNA structures at various stages of DNA metabolism and
regulates loading of enzymes and factors involved in DNA
replication, repair and recombination.
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