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ABSTRACT

Human replication protein A (huRPA) is a multisubunit
protein which is involved in DNA replication, repair and
recombination processes. It exists as a stable
heterotrimer consisting of p70, p32 and p14 subunits. To
understand the contribution of huRPA subunits to DNA
binding we applied the photoaffinity labeling technique.

The photoreactive oligonucleotide was synthesized in
situ by DNA polymerases. 5-[ N-(2-nitro-5-azido-
benzoyl)- trans -3-aminopropenyl-1]deoxyuridine-5  '-tri-
phosphate (NABJUTP) was used as substrate for
elongation of a radiolabeled primer [emplate either by
human DNA polymerase o primase (pol o), human DNA
polymerase f3 (pol B) or Klenow fragment of  Escherichia
coli DNA polymerase | (KF). The polymerase was
incubated with NABdUTP and radiolabeled primer—
template in the presence or absence of huRPA. The
reaction mixtures were then irradiated with monochro-
matic UV light (315 nm) and the crosslinked products
were separated by SDS—PAGE. The results clearly
demonstrate crosslinking of the huRPA p70 and p32
subunits with DNA. The p70 subunit appears to bind to
the single-stranded part of the DNA duplex, the p32
subunit locates near the 3 '-end of the primer, while the
p14 subunit locates relatively far fromthe 3 '-end of the
primer. This approach opens new possibilities for
analysis of huRPA loading on DNA in the course of
DNA replication and DNA repair.

INTRODUCTION

replication, repair and recombination. Replication functions of RPA
have been extensively studied using DNA replication sysiems
vitro (1-3). Briefly, human RPA (huRPA) interacts with the simian
virus 40 large T antigen—origin initiation complex to stimulate origin
denaturation and interacts specifically with T antigen and the host
DNA polymerasex primase (pak) by forming a specific complex
that is required for primer synthesis-8). Stimulation of activity of
DNA polymerases, ¢ ande by huRPA has also been demonstrated
(8-12).

Eukaryotic huRPA is a stable heterotrimer consisting of three
subunits with apparent molecular masses of 70, 32 and 14 kDa,
termed p70, p32 and pl4 respectivélyl 8,14). It was suggested
that the p70 subunit is primarily responsible for binding to sSSDNA
(15,16), while the p32 subunit is a target for cell cycle-dependent
phosphorylation{7-19) and presumably contributes to binding of
huRPA to ssDNAZ0). Subunit p32 forms a stable complex with the
pl4 subunit and that complex tightly binds to the p70 subunit
(21,22). The role of the pl4 subunit is less clear, though it is
necessary for complete assembly of a functional form of RBA (

Investigation of the interaction of various huRPA subunits with
DNA and their interactions with other components of the DNA
replicative machinery seems to be essential. Numerous base-
substituted dNTP analogs conjugated to arylazido groups, via
linkers, were synthesized and characterized for their ability to be
used as substrates of different DNA polymerag88sX7). Photo-
chemical characteristics of these analogs allow UV irradiation of the
reaction mixtures by near-UV light to be carried out without
photochemical damage to proteins and nucleic acids. These analogs
were applied for ‘catalytically’ competent labeling of the active sites
of human pak (24), human DNA polymerasg (polB) (25) and
human immunodeficiency virus reverse transcriptase (HIV-RT)
(25-27).

The eukaryotic single-stranded DNA (ssDNA) binding protein Since the function of the two smaller subunits of the heterotrimeric
replication protein A (RPA) plays an important role in DNA RPA complex is still obscure, we decided to use a base-substituted

replication, nucleotide excision repair

andhomologous

photoreactive derivative of deoxyuridine’-tphosphate for

recombination. RPA stabilizes the denatured configuration of DNAynthesis of photoreactive primarsitu using DNA polymerases.
and makes specific contacts with other proteins involved in DNA template—primer system was designed containing a single-
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o NO, Photochemical crosslinking
i I )
HN \/‘\\"\Nfo(/ N huRPA was photoaffinity labeled with photoreactive primer
PN /| ,‘rl b( synthesizedin situ using NABdUTP and pal, pol3 or KF.
ot odold 0" "N N, Reaction mixtures (20l) contained 50 mM Tris—HCI, pH 7.8,
_(I)__ _(l)._ _(w)__O*CHZO 10 mM MgCh, 50 mM KCI, 0.5-10uM polymerase, 0.fuM

template-5[32P]primer, 40-5QuM NABdUTP and huRPA to a

| final concentration of 0.1-0.AM, as indicated. The reaction
mixtures were incubated at ?5 for 30—-45 min to allow
elongation of the primers. Then the mixtures were spotted on
Parafilm that was placed on ice and UV irradiated with a Baush and
Figure 1. Structural formula of the photoreactive dNTP analog NABdUTP.  Lomb monochromator equipped with a HBO W super pressure
mercury lamp producing UV light of 315 nm for 15 min. Reactions
were stopped by adding Laemmli buffer and heating. The

stranded template tail that was long enough to bind huRPA. Wotochemically — crosslinked protein-DNA  samples  were

determined that the single-stranded tail is required for cros§eparated by SDS-PAGE. Dried gels were subjected to auto-
linking of huRPA to a photoreactive primer containing arfadiography or quantified using a phosphorimager (Molecular

arylazido group at the'®nd. The arrangement of huRPA Dynamics). Immu_noprempltatlon. procedures were according to
subunits bound to DNA was examined using this approach. Current Protocols in Molecular Biolog$suppl. 21 §5).

MATERIALS AND METHODS DNA polymerization assay

Rec_:c_)mbinant pol_was expressed usin_g baculovirus vectors angtnzyme activities of pai, polp and KF were determined using
purified as described?8-30). Recombinant p@l and Klenow 3 standard protocol in a reaction volume of B&ontaining
fragment of Escherichia coliDNA polymerase | (KF) were 50 mM Tris—HCI, pH 7.4, 10 mM Mggland 50 mM KClI,
purified according to Beard and Wilsoilj and Joyce and template—primer, enzyme andi-}2PJdNTP. Reactions were
Grindley (32) respectively. huRPA was expressedtinoliand  started by addition of enzyme, incubated &for the indicated
purified as describedg,34). Bovine serum albumin (BSA) was time intervals and stopped with 20 0.5 M EDTA, pH 8.0.
from Sigma. Rainbow colored protein molecular mass marketguenched reaction mixtures were spotted onto Whatman DE-81

were from Amersham. Prestained SDS-PAGE molecular magfer disks and dried. Unincorporateat$2P]JdNTP was removed
markers were from Slgma4'f)0|ynucle0tlde kinase was from and filters were counted as describ@@_(

New England Biolabs.y{32P]JATP was from ICN. Synthetic

oligonucleotides were obtained from GENSET or synthesized in

the Institut Jacques Monod (Paris). Nensorb-20 columns weRESULTS

from Du Pont. NABdUTP (Fig.1) was synthesized and

characterized as describe2B3). Polyclonal antibodies against Substrate and photochemical properties of NABAUTP

huRPA that preferentially recognize p32 and to lesser extents p70

and p14 were produced as descrilis). ( The special photochemical properties of the photoreactive base-
substituted dUTP analog NABdUTP allow UV activation to be
performed by near-UV light, i.e. >300 nm, which is far beyond the
absorbance intensities of nucleic acids and proteins. In particular, the

Dephosphorylated primers weré-ghosphorylated with 7 reagent has been found to be very effective for moplificati(_)r] of
polynucleotide kinase as describéd)( Unreacted\-32P]ATP proteins. In contrast, NABd_UT_P has no DNA crossllnkmg_ activity,
was separated by passing the mixture over a Nensorb-20 coluf ich allows internal crosslinking of DNA duplexes to beided

w

using the manufacturer’s suggested protocol. en NABAUMP is incorporated into the primer).
Earlier we have shown that NABdUTP is a good substrate for

) ) HIV-RT (27), mammalian pa, human pdg and KF (data not
Primer—template annealing shown). This property of the analog was utilized for incorporation

. . . . . of the photoreactive dUMP moiety into thé-edd of a
Lyophilized oligonucleotides were resuspended in 10 mM Trisg, 325 |aheled primer. Synthesis of photoreactive primer was
HCl, pH 7.4, and 1 mM EDTA and the concentrations determlnegarried outin situ prior to UV irradiation. The products of UV

from their UV absorbence at 260 nm. Primers—templates we, e o ot 1ali
annealed at a molar ratio of 1:1 by heating AL9Br 3 min and Eosslinking were separated by SDS—PAGE and visualized by

then th it lowed t | d lowlv autoradiography. The primer containing the incorporated dUMP
en e mixture was allowed 1o cool down Slowly 10 T00My, 564 can be efficiently crosslinked with paind KF (Fig.2,

temperature. The sequence of the primers and templates used Wela s o4 8), while the primers without the dUMP analog do not
as follows: exhibit any labeling of polymerases under similar experimental

system1l 5 '-GGTTAAATAAAATAGTAAGAATGTATAGCCCCTACC-3 conditions (Fig.2, lanes 4 and 7). We did not detect any

Radioactive labeling of oligonucleotide primers

3 '-TACATATCGGGGATGG-5  significant labeling of pal, due to the low efficiency of labeling
at the protein concentrations used Eigne 2). However, longer
system2 5 '-AATGTATAGCCCCTACC:3 exposure of the gel permits labeling of oalore polypeptide

3 '-TACATATCGGGGATGG-5 (180 kDa) to be revealed (data not shown).
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In the absence of huRPA only Bas clearly crosslinked (Fig,

o Pross e TRy <« Top lane 5). Addition of huRPA results in crosslinking of botH3pol
193 — and huRPA with thé2P-labeled primer (Fig2, lane 6). In a
112 - control experiment performed without photoreactive NABdUTP
86 = neither pdB nor huRPA were crosslinked to the radioactive
70— - - g labeled primer (Fig2, lane 4). Furthermore, in the absence of

- - huRPA mostly the 39 kDa polypeptide of peVas crosslinked,

57 =

395—
36 =

while the 31 and 8 kDa proteolytic fragments offpualere
crosslinked to a lower extent (F.lane 5). Coomassie staining

of the poP preparation revealed a small amount of these
polypeptides (data not shown). In the presence of huRPA and

polB three additional polypeptides were crosslinked to the
32p_|abeled primer as compared withfpalone (Fig2, compare
lanes 5 and 6). These additional bands correspond to the p70
subunit, its proteolytic fragment and the p32 subunit of huRPA.
In addition, traces of p14 subunit labeling could be detected
Ff_eg during long gel exposures (data not shown). The intensity of
prove crosslinking for full-length p@ and its 8 kDa fragment was
decreased in the presence of huRPA (Eigompare lanes 5 and
6). Presumably the effect can be explained by competition
between huRPA and DNA polymerase for the substrate.
Figure 2. Photoaffinity labeling of huRPA by photoreactive primers. To ~ The crosslinked products of the huRPA p32 subunit may
investigate labeling of huRPA the reaction mixtures were composed p.56  overlap with the crosslinked products of mammalianapol
template—primer (system 1), A NABdUTP, 0.64uM huRPA and different (primase subunit) and 31 kDa domain Ofﬁ)dTO verify whether

DNA polymerases, as indicatedanes 1-3, reaction mixtures contained sy L . .
template—primer and OM recombinant pal; in addition, lanes 1 and 3 had crosslinking of the huRPA p32 subunit is a specific reaction or not

huRPA and lanes 2 and 3 contained NABAUTP. Lanes 4-6, template—prime¥ve€ Used another DNA polymerase, KF. The preparation of KF
and 51M polB were used. Additional components were huRPA (lanes 4 and 6)was nearly homogeneous and contained a major polypeptide of
irl]edng\)/\l; ;\r‘;ga‘:é’;z 'gifgfiSD?\l 2“;‘06)51;?;‘;3'7&%) t@g@'ﬁa@g@gg‘ggt hler molecular mass 68 kDa as judged by gel electrophoresis (data not
with huRPA (lanes 7 and 9) and NABdUTP (lanes 8 and 9). Reaction mixturesshown)' Absence of any extra polypeptides of molecular weights
were incubated for 40 min at 25 and then UV irradiated for 15 mikg5nm). within the range 30-50 kDa prompted us to analyze UV
The crosslinked protein—-DNA complexes were separated by SDS-PAGE androsslinked products for KF in the absence and presence of
visualized by autoradiography. The positions of the free probe and the proteipy RPA (Fig.2, lanes 8 and 9). The results show a distinct
markers are indicated. . ’ : .
radiolabeled band corresponding to a product of 40 kDa, which
was presumably the huRPA p32 subunit crosslinked to the
radiolabeled primer. Furthermore, crosslinking of the p32 subunit
was confirmed by immunoprecipitation assay (data not shown).

: . . These results clearly demonstrate that the huRPA p70 and p32
NABAUMP was incorporated int&P-labeled template—primer subunits are labeled with template—primer DNA duplex carrying

system 1; see Materials and Methods) either in the absence Or . . : .
E)r)ésence of huRPA. To avoid possible )DNA unwinding activit A photoreactive moiety at theehd of the primer synthesized by

V, J . o
which is stimulated by huRPA at low ionic strengtB&39), all the DNA polymerasén situ Labeling of the p14 subunit is
reactions were carried out under high salt conditions. In tHésuaIva_eryweaI_(ln comparison with labeling of the p70 and p32
experiments UV irradiation itself does not influence the specifif®YPePtides. This labeling could be detected only after long gel
activity of the DNA polymerases used (data not shown). Undé&xposures (data not shown). The tgmplate strand has an extensior
similar conditions, as depicted in Figuelane 2, addition of ©f 19 bases over the-8nd of the primer and presumably is long
huRPA results in crosslinking of the huRPA p70 subunit, it§hough for binding of huRPA to the single-stranded t&).(
proteolytic fragment and the p32 subunit to the photoreacti\}'é“_RPA subunlts_ cov_alently crosslinked to the photoreactive
[32P]primer—template (Fig, lane 3). A band corresponding to the Primer upon UV irradiation. _ _
product of highest molecular weight, i.e. 78 kDa, arises from theRecently it was reported that huRPA interacts with several
crosslinking product of the primer with the p70 subunit. A banéeplication and transcription factors3. Therefore, we asked the
corresponding to the product of 62 kDa appears to be calestion whether the DNA polymerase—huRPA interaction can
crosslinking product of the primer with a proteolytic fragmeninfluence affinity labeling of huRPA with photoreactive DNA. To
generated from p70. The fastest migrating radiolabeled produgtidy this effect we performed UV crosslinking of (paind
most likely corresponds to the p32 subunit covalently crosslinkétRPA under various conditions (F8). Concentrations of pp)
to the radiolabeled 17mer primer. It is worth noting that eactemplate—primer and huRPA used for the reaction were 5.0, 0.4
determined product (protein covalently bound to primer) i@nd 0.64uM respectively. The excess foshould move the
retarded by a value 66-8 kDa relative to that of the unmodified equilibrium towards a p-DNA complex rather than towards
protein. the huRPA-DNA complex and therefore should shift the

In order to demonstrate that the crosslinking property of huRPAquilibrium towards the complex of folvith the photoreactive
does not depend on the type of DNA polymerase, affinity labelingNA duplex. However, affinity of the proteins for DNA also
of huRPA was performed with fbband KF (Fig2, lanes 4-9). influences competition between pobhnd huRPA for DNA

Photoaffinity labeling of huRPA by photoreactive DNA
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Figure 4. Photoaffinity labeling of pf in the presence of BSA. To determine

Figure 3. Photoaffinity labeling of huRPA with photoreactive primers is  specificity of the crosslinking experimentspor KF was incubated with BSA
independent of inactivation of @ITo analyze factors influencing affinity labeling ~ and huRPA under various conditions and UV irradiatalIif lanes 1-8 the
huRPA was crosslinked to photoreactive primers in the presence of native orreaction mixtures contained 2|8M polB and 0.56uM template—primer
denatured pfl All reaction mixtures containedi template—primer (system 1) (system 1). In addition, they had either 100 (lanes 1, 4 and 6).dd {anes
and were incubated at 25 for 40 min. Then they were either directly subjected 2, 5 and 7) or no BSA (lanes 3 and 8). An aliquot oikONABdUTP was
to UV irradiation (lanes 1, 2, 3, 6 and 8) or heated for 2 min in boiling water, cooled @dded to the reaction mixtures of lanes 3-8. The reaction mixtures were
and UV irradiated (lanes 4, 5 and 7). An aliquot off/BhuRPA, either native incubated at 25C for 30 min before UV illumination. In lanes 6-8 polas
(lanes 1, 3, 4 and 8) or heat denatured (lane 7), was added to the mixture befofeeated in boiling water for 2 min without BSA and cooled, then BSA (lanes 6
UV crosslinking. In lanes 2—7 4M NABdUTP was present, but in lane 6 the ~ and 7) or no BSA (lane 8) was added before UV illumination, which was
photoreactive reagent (40M) was boiled for 2 min before incubation. In lane 8 ~ performed as described)(In parallel, KF and huRPA were UV crosslinked
pol3 was heated for 2 min, cooled, incubated with template—primer and and used as positive controls. Lanes 1-4, KEN) and template—primer
NABAUTP and then UV irradiated. The UV irradiation was performed with UV (system 1, 0.56iM) were incubated at 2& for 30 min in the presence of
light, A315nm The UV crosslinked products were separated by SDS—PAGE and 40 UM NABdUTP (lanes 2—4) and 0.¢#M huRPA (lane 3). Then the mixtures
visualized by autoradiography. were UV irradiated. In lane 4 0.64M huRPA was added before UV
illumination but after KF was heated in boiling water for 2 min and then cooled.
The UV-crosslinked protein-DNA complexes were separated by SDS-PAGE
L . . and visualized by autoradiography. The position of the free probe and the
binding and complex formation of DNA with both Boand  molecular weight markers are indicated.

huRPA or even a pp+RPA interaction cannot be excluded.

When poP was heat denatured after completing primer synthesis
and then huRPA was added before subsequent irradiation of d@sslinking of pdd with the photoreactive DNA duplex either
mixture a decrease in huRPA labeling was clearly observed(Fig.without BSA (lane 3) or in its presence at 100 (lane 4) apdViLO
compare lanes 3 and 4). However, when NABJUTP was heat@dne 5). Figure4 (lanes 6-8) demonstrates the results of
before incubation of the reaction mixture, followed by UVcrosslinking obtained for pglinactivated by heating performed
irradiation, a decrease in folabeling was observed (Fi®,  before the UV irradiation step in the absence of BSA (lane 8) or
compare lanes 6 and 2). Thus the explanation may be héaits presence at 100 (lane 6) angilD(lane 7); labeling of BSA
inactivation of photoreactive groups. In addition, heating of theould not be detected under any conditions used. To demonstrate
reaction mixtures generated radioactive aggregates(dtfgildid  that under similar conditions huRPA is efficiently labeled by UV
not penetrate into the gel, which led to a decrease in labeled banddiation experiments were carried out using KF and huRPA
intensities (Fig.3, lanes 4, 5 and 7). Therefore, under theand run on the same gel (FiB, lanes 1-4). In the presence of
experimental conditions used protein—protein interactions have vedy64 uM huRPA the large p70 subunit, its proteolytic fragment
little influence, if present at all. Additional experiments are necessaand the p32 subunit are efficiently crosslinked with the labeled
to clarify the contribution of DNA polymerases to the efficiency ofprimer (Fig.4B, lanes 3 and 4).
huRPA interaction with the template—primer DNA duplex.

Influence of DNA duplex structure on huRPA crosslinking

Specificity of UV crosslinking of DNA to huRPA Since huRPA binds to ssDNA and dsDNE) and observing that

To determine the specificity of protein—nucleic acid crosslinkindiuRPA is efficiently labeled using a template—primer with an
we analyzed the influence of bovine serum albumin (BSAgverhang of 19 nt (systeml), we wanted to determine whether
68 kDa) at two concentrations, 10 and 108, on the cross- huRPA could be labeled using a template—primer with only 1 nt
linking pattern. FigurdA (lanes 3-5) shows the products of UV overhang (system 2), blunt-ended by incorporation of NABAdUMP.
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function @3 and references therein). It was demonstrated by
various techniques that the 70 kDa subunit has intrinsic DNA
binding activity (L5,16,34,43-45). In particular, residues 1-441

of the p70 subunit are required for DNA binding activity, while
the C-terminus of p70 is essential for stable interactions with the
other two subunits of huRPA, p32 and p24)( However, the
exact role of these two subunits remains unknown. It was shown
that huRPA mutants of p32 manifest lower DNA binding activity
(20), moreover ssDNA promotes p32 proteolytic digestigh. (
These observations can be explained by indirect influence of the
p32 subunit on complex formation between the p70 subunit and

ssDNA or vice versa. Previous studies showed either an absence
of binding of the p32 subunit to sSDNA516,34,44,45) or a
very low level 0). In the latter case affinity labeling of p32 with
ssDNA is about two orders of magnitude lower than that of p70
(20).To analyze the arrangement of huRPA subunits on the DNA
template and to study their specific role in interaction with DNA,
< Free photoreactive DNA duplex with a single-stranded extension was
probe used as the main tool.
Using radioactively labeled photoreactive DNA the p32 subunit
becomes highly radioactively labeled after UV irradiation
+ (Figs2-5). In addition, the p70 subunit and its proteolytic fragment
_ ) N _ were also labeled in our experiments, but to a lower extent than p32
Figure 5. Human RPA is not affinity labeled by photoreactive duplex DNA Figs2, 4 and5). The findings can be explained by the assumption
without a ssDNA tail. In these sets of experiments we wanted to determine wheth h ’ blv th bunit. binds fi h
the affinity labeling of huRPA requires a tail of single-stranded DNA template. ?—t URPA, presumal _y the p70 subunit, binds first to t. e S$ID_NA
PolB (5 uM) was used to elongate template—primer (system 1,05flanes tail of the template—primer system. Subsequently, UV irradiation
2-4) or template—primer (system 2, 0fiB) (lanes 6-8) with NABdUTP  results in crosslinking of photoreactive primer to the p32 and p70
(40pM) with and without RPA. huRPA (0.64M) was added to the reaction g,y njts, DNA crosslinking with huRPA is a specific reaction, since
mixtures (lanes 1, 3-5, 7 and 8). Control reaction mixture contain@dhp@&PA o . . . .
and template—primer (system 1) (lane 1) or template—primer (system 2) (lane @dd't'on Of. BSA t(? the r.eaCt'On mixture 'n_ 20'f9|d molar excz_ass did
without NABAUTP. In lanes 3 and 7 huRPA was present from the beginning ofnot result in labeling with the photoreactive primer synthesized by
incubation, while in lanes 4 and 8 huRPA was added to the reaction mixturepolB (Fig.4). The remarkable difference in efficiency of cross-

immediately before UV irradiation. Reaction mixtures were incubated for 35 miny; L ; ; Al
at 25C and then UV irradiated for 15 min &gs s The UV:crosslinked linking for different huRPA subunits also suggests that crosslinking

proteinDNA complexes were separated by SDS-PAGE and visualized by’f NURPA is a specific reaction. _
autoradiography. The positions of the free probe and protein markers are indicated. In  addition, we determined a decrease in the amount of

crosslinking of pdd and KF in the presence of huRPA. These

: T : ; : results suggest that the DNA polymerase and huRPA compete for
Extensive p@ modification is achieved in both systems (Bjgane . . . .
2, lane 6). However, huRPA is not labeled by the blunt-ende'ateractlon with the DNA substrate (Figs5). When pof was

photoreactive DNA duplex (Figp, lanes 7 and 8), neither when used_ to synthe5|ze the photoreactive primer (gmd 5)
huRPA was added together with[pduring primer elongation (lane labeling of its 8 kDa fragment was also observed, albeit toa very
7) nor when it was added just prior to the UV irradiation step (Ian'@W extent as compa_red W'th. Intact Bo]l’h.e 8 kDa domain of

8). In contrast, under similar conditions using system 1 instead BPIP Plays an essential role in internal binding to ssDI8).(
system 2 huRPA is efficiently crosslinked (Figlanes 3 and 4). | ne 8 kDa polypeptide is generated in thepmieparation by
These results clearly suggest that huRPA crosslinking to ti@rtial digestion that yields two main fragments of 31 and 8 kDa.
photoreactive primer occurs only when the ssDNA part has a lofgp" crosslmkmg stug:iles show that there is a clear difference in
enough extension over the duplex strand. Crosslinking @ polPNA crosslinking with the 8 kDa fragment in the absence or
serves as an internal control, since the enzyme is labeled using bRfisence of huRPA (Figsand5). These findings suggest that
systems (Figb, lanes 2—4 and 6-8). It is worth noting the decreasBPA also competes with the 8 kDa domain for binding to the
in polB labeling in the presence of huRPA in both template—primg#hotoreactive DNA duplex. o _
systems (Figb, lanes 3, 4, 7 and 8). It might be a consequence of This study demonstrates that a photoreactive primer synthesized
competition between huRPA and DNA polymerase for DNAIN situby DNA polymerases can be used for subsequent analysis of
binding. The decrease in Baiind KF labeling in the presence of the interaction of huRPA with DNA. Our data are summarized in a
huRPA is also seen in the data presented in Fijja@mpare lanes model presented in Figuré. The findings suggest a major

5 and 6 and 8 and 9). At the same time, an influence of huRPA oantribution of the huRPA p70 and p32 subunits to the protein—-DNA
the activity of DNA polymerase by protein—protein interactiongnteraction. Both subunits, p70 and p32, are located in close
cannot be excluded as an alternative mechanism. proximity to the 3end of the photoreactive primer. The pl4
subunit was labeled to a minor extent and we conclude that p14
is presumably located further from theed®d of the primer or
protected by other huRPA subunits from efficient modification by
There is strong biochemical and genetic evidence which showlse photoreactive primer, but we cannot exclude possible
that all three subunits of huRPA are required for its productivimteraction of the '3end of the primer with the p14 subunit.

+ +

+ o+ o+
RPA + -+
NABAUTP - + +

+ 4+
'+t
+ o0+
+ o+ +

DISCUSSION
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Figure 6. Model for interaction of huRPA with a DNA template—primer system. ;0
p70 binds to the template extension, while p32 localizes neat-éma Df a

primer synthesized by DNA polymerases. p14 is located further frorhréimel 3 21
of the primer. In addition, huRPA and the DNA polymerase compete for DNA
binding and crosslinking at thé-8nd of the primer. 22

Finding a close positioning of huRPA and especially its p3§3
subunit to the '3end of the DNA duplex reveals new views into the
functional activities of RPA subunits and the complex itself. Furthet4
investigations under various conditions and DNA template—primeP
structures need to be carried out to improve our understanding of the
particular interaction of huRPA with newly synthesized DNA andyg
its role in DNA-mediated genetic processes. Moreover, this
approach can be used for analysis of DNA polymerase interactio?is
with various proteins needed for DNA replication and/or repair
vitro andin vivo. 28

NOTE ADDED IN PROOF 29

It has recently been shown that the 32 kDa subunit of RPA
monitors growing RNA-DNA primers within replicating SV-40 30

chromosomes (G. Kaufmann, manuscript in preparation). 31
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