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Replication protein A (RPA; also known as a single-strand
DNA (ssDNA) binding protein with multiple functions in DNA
replication, repair, and genetic recombination) 1s composed of
three subwuts (70-. 34- and 11-kDa: p70, p34, and pl1, respec-
tively)."™ which tightly associate with each other in various
eukarvotic RPA preparations. suggesting its functional activity
15 highly conserved. The large subunit (p70) is responsible
for its ssDNA binding activity.'® Human RPA shares a high
degree of amino acid identity (41%) with the p70 subumt of
veast RPA. The high degree of homology (81%) shared by
these proteins, between species as distantly related as veast
and humans, unplies that the fundamental mechanisms of DNA
replication are likely to be very well conserved throughout
the eukarvotic kingdom.

Recent studies suggested that RPA function is regulated in
response to DNA damage® and its ssDNA binding activity
may be involved in this regulatory event.” In previous studies,
we showed that human RPAs ssDNA binding activity was
regulated by redox potential through its zinc finger domain.®

In an effort to understand RPA's regulatory function, we
examined whether veast RPAs ssDNA binding activity is
affected by redox. Yeast RPA” was treated with increasing
amounts of DTT and examined for its interaction with oligo
(dT)s; in the presence of 200 mM NaCl. RPA-DNA complex
was analyzed by electrophoretic mobility shift assavs'” which
separates the complex from free DNA (Figure la). Very poor
RPA-DNA complex was formed in the absence of DTT (Fig-
ure la: lane 2), which was stimulated by the addition of DTT
up to 10-fold (Figure la: lanes 3-6). This result suggests that
redox affects veast RPA's DNA binding affinity such that it
is significantly enhanced under reducing conditions. To exam-
ine redox regulation further. yeast RPA was treated with the
oxidizing agent. H-O- in the presence of 0.4 mM DTT. Addi-
tion of increasing amount of H-0- gradually decreased the
formation of RPA-DNA complex (Figure la: lanes 6-10). com-
pared with that under reducing condition (Figure 1a: lane 6).
These results strongly suggest that yeast RPAs ssDNA bind-
ing activity is also regulated by redox potential.

Cellular redox plays a key role in modulating DNA bind-
ing activity of several transcription factors. such as Fos-Jun."
CCAAT-binding factor (CBF: also known as NF-Y).)- p33."
and Pax 8 ' Mutational analysis of these proteins indicated
that cysteine residues are involved in redox regulation.!=*1*

We also examined whether the cysteine residue of human
RPA’s DNA binding domain is involved in redox regulation
of its ssDNA binding activity. In contrast to veast wild-type
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(vwt) RPA, human mutant C289A (nnC289A), (cys-to-ala
mutation at amino acids 289).*'" formed a stable complex
with ssDNA even under non-reducing conditions. The addi-
tion of DTT had no effect on its DNA binding activity (Figure
Lb: lanes 2-6). To further exanune redox regulation, human
mutant (lunC289A) RPA were treated with the oxidizing agent.
H-O-, in the presence of 0.4 mM DTT (Figure Lb). The addi-
tion of increasing amounts of H-O- significantly reduced ywt
RPA-ssDNA complex whereas hmC289A RPA was much
less affected by H-O- treatment (Figure 1b: lanes 7-10). These
results strongly suggest that the cvsteine in DNA binding
domain 1s involved in the redox regulation of RPA's ssDNA
binding activity and that the cysteine residues of p70. in par-
ticular cvsteine 289, are essential for this regulation.

In previous study. we found that RPA's ssDNA binding activ-
ity 1s regulated by redox through the cystemne 486 n a putative
zine finger domain.’ Zine fingers are autonomous folding units
and highly versatile structural elements found n many sequence-
specific DNA binding proteins.’” Specific cysteine residues
have been 1dentified in several non-zine finger transcription
factors to be mvolved n redox regulation of their DNA bind-
ing activity.'"* In RPA. cysteine residues are not only involved
n redox regulation of RPA's DNA binding activity. but also
the key component of its zinc-finger structure.” A number of
DNA-binding proteins have been identified i which their
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Figure 1. Effects of reducing and oxidizing agents on ssDNA binding
activity, a. Yeast wild-type (vwt) RPA's DNA binding activity is stimu-
lated by reducing agent. DT'L. but is inhibited by the oxidizing agent.
H:O:. b. Cysteine 289 is involved in redox regulation of RPA’s DNA
binding activity. Effect of D'l on ssDNA binding activity of human
mutant (hmC289A) RPA. RPA (20 ng) was preincubated ‘with 0 mM
(lane 2).0.02 mM (lane 3). 0.2 mM (lane 4). 2 mM (lane 5). and 20 mM
DTT (lane 6) and then 100 fmol of 5'-*P-labeled o ligo(dT )sq was added
and allow to incubate for 15 min at room temperatre. No RPA was
included in lane 1. For quantitation. regions of RPA-DNA complex
shown in the figure were excised and measured for radioactivity, RFA
(20 ng) was premcubated with 1 mM DTT and increasing amounts of
H:0:(0.2.0.5.1.0.and 2.0 mM H:O:z in lanes 7- 10. rcspectivcly).
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Figwe 2. A proposed model for redox-mediated change the structure
and regulation of RPAs DNA binding activity, a. Conserved cvsteine in
DNA binding domain is indicated in bold-tvpe. b. A stable structure is
formed under reducing condition. Under oxidizing condition, one
disulfide bond is formed between cysteines 289 and 486, Open bar
indicates DNA Dbinding demain. S. cerevisige. Saccharovmces
cerevisiae: X. laevis. Xenopus laevis.

DNA binding activity 1s regulated by redox, although the role
of the zinc finger in regulation is not clear.’*™ In this study.
we found that RPA's ssDNA binding activity is regulated by
redox through the cysteine 289 in a DNA binding domain.
The electrophoretic mobility shift assavs. here described for
veast RPA. clearly demonstrated that binding to the corre-
sponding DNA targets 1s extremely sensitive to redox condi-
tions. whereas human mutant RPA (hmC289A) could not.
We therefore hypothesize that cysteine 289 and zinc finger
domain in p70) are a key regulatorv elements in modulating
RPA’s DNA binding activity. The cysteine 289 and 4-Cy's zinc
finger are lughly conserved among eukarvotic RPA (Figure 2a).
The 4-Cys zinc-finger contains Zn(I) wlich tetrahedrally coor-
dinates four cvsteine residues.”’ Under reducing conditions.
the zinc finger structure is favorably formed and Zn(ID), bur-
1ed in the interior, stabilizes the module by binding 4 cvs-
teines. Under nonreducing conditions. however, oxidation of
Zn{ID-thiolate bond induces the releases of Zn(II) from the
zine finger. which promotes the formation of disulfide bond
between the cysteine 289 and cysteine 486 (within of the zine
finger) (Figure 2b).%* The formation of disulfide bond may
induce a structural changes which interferes with the DNA
binding domain of p70 (Figure 2b), or alternatively, the for-
mation of disulfide bond may change the protein conforma-
tion which affects the DNA binding activity of this subunit.
The cells realize efficient production of ATP mainly through
the glucose oxidation. However. this event leads to the gen-
eration of reactive oxvgen species (ROS) such as H-O-, Ox".
and - OH radicals, that are by-products in electron transport
processes into the mitochondria. To protect themselves from
the harmful effect of oxygen, cells use primanly two defense
mechanisni. the enzvmatic systems of catalase and super-
oxide dismutase. and the glutathione and TRX svstems, which
contribute to create an infracellular reducing environment.
Therefore. through the induction of antioxidant systems.
ROS constitute a useful tuning device for signal transduc-
tion. The redox enviromment may have profound effect on
the structure and stability of DNA binding proteins. DNA-
binding proteins are the major targets for redox regulation
since they all contain cvsteine residues that are essential for
DNA binding activity.!” Thus we conclude from this study
that cvsteins 289 and 486 in p70 of RPA have a unique role
to regulate its DNA binding activity through redox change.
probably function n response to various environmental stress.
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