
PriB-ssDNA Structure and Suggestion of A Novel Single-stranded
DNA Binding Model

PriB is one of the E. coli pre-primosome proteins which is required for assembly of the primosome, the
multisubunit protein complex involved in the initiation of DNA replication of bacteriophage X174. Recent
studies suggest that the X174-type primosome is involved not only in DNA replication but also in
recombination and repair when encountering DNA damage. Prior to the present study, little is known about
the quantitative aspects such as stoichiometry of the PriB-ssDNA complex, cooperativity of the binding
process, and the binding modes of PriB. In this study, we report the crystal structure of PriB in complex with
15-mer oligodeoxythymidylate (dT15) at 2.7 Å resolution. In the PriB-dT15 complex crystal, the PriB dimers
form a long chain along the ssDNA. This arrangement of PriB-ssDNA complex is consistent with the
morphology observed by electron microscopy. This ssDNA binding mode of PriB is significantly differs from
E. coli single-stranded DNA-binding protein (EcoSSB). Therefore, the structure present here may provide a
novel implication for possible roles of PriB in E. coli DNA replication.
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Cells have evolved specific repair mechanisms to remove
DNA-template lesions to restore a structurally sound template
for ensuring accurate transmission of the genetic code from one
generation to the next during cell division. The ability to restart
replication after encountering DNA damage is essential for bac-
terial survival. The replication restart primosome is a nucleo-
protein complex, responsible for reactivation of DNA replication
at forks, composed of PriA, PriB, PriC, DnaT, DnaC, DnaB, and
DnaG. Although the sequence of assembly during the DNA repli-
cation restart primosome formation (PriB is the second to assem-
ble) has been well studied, the role plays by PriB is poorly under-
stood at the molecular level.

The PriB monomer has an oligonucleotide/ oligosaccharide-
binding (OB)-fold structure with three flexible β-hairpin loops,
L12 (residues 20-24), L23 (residues 37-44), and L45 (residues 81-88).
On the basis of comparison of PriB structure with other OB-fold
containing proteins, the structure of PriB is markedly similar to
that of single-stranded DNA binding protein (SSB), an essential
protein required for DNA replication, recombination, and repair
in E. coli, suggesting that PriB and SSB may bind ssDNA in a simi-
lar manner. Like SSB, PriB also exhibits its greatest affinity for
poly(dT). However, several lines of evidence suggest that their
ssDNA binding modes may somewhat differ. First, despite their
structures sharing a number of overall features, PriB and SSB only
have 11% identity and 27% similarity in terms of amino acid
sequence. Furthermore, only Lys82 of PriB is positionally and
functionally conserved with Lys87 of SSB. Second, the quater-
nary structures of dimeric PriB and tetrameric SSB apparently
differ, suggesting that PriB is unlikely to adopt the same ssDNA
binding manner as SSB. Third, SSB is known to inhibit PriA heli-
case activity, whereas PriB stimulates PriA helicase activity. Thus,
we study the structure of the PriB-ssDNA complex and the
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ssDNA binding properties of PriB in attempt to offer
molecular evidence about how structurally homologous
OB-fold containing proteins may exhibit distinct ssDNA
binding strategies.

Figure 1A shows a PriB dimer interacting with two
dT15 oligonucleotides. The two oligonucleotides (in red)
are related by crystallographic 21 symmetry. In the com-
plex structure, the bound dT15 adopts an Ω-shaped con-
formation. PriB's basic residues play a major role in mak-
ing interactions with ssDNA, either via ssDNA bases or
with the phosphate backbone. The basic residues on the
PriB DNA-binding surface, with L45 loop in particular, play
a major role in ssDNA interaction. Although lacking aro-
matic residues like Trp88 in SSB, the L45 loop of PriB uses
Lys82, Lys84, and Lys89 to make contacts with the ssDNA.
These interactions were not observed in the SSB-ssDNA
complex. Figure 1B shows the morphology observed in
negatively stained electron micrographs of PriB-circular
φ�X ssDNA complex. This arrangement is consistent with
the crystal packing of PriB dimers forming a long chain
along the ssDNA. These structural images thus reveal a
novel ssDNA binding mode that may explain how a
dimeric OB-fold protein binds to ssDNA.

The ssDNA binding ability of PriB was estimated with
filter binding assay utilizing dT oligonucleotides of vari-
ous lengths. The titration curves of PriB with dT homopoly-
mers (Figure 2A) shows that the affinity of PriB towards
the oligonucleotides increased with length. From the
structural information, the ssDNA binding surface of PriB
is highly electropositive. We thus examined the binding of
ssDNA to PriB at varying salt concentrations (Figure 2B).
This binding process is highly salt-dependent. Assayed
under 200 mM NaCl, the binding affinity of PriB for dT15 is
approximately 13-fold lower than that measured in the

absence of salt. In addition, we
also constructed and analyzed
the mutants for the electroposi-
tive region of PriB (Figure 2C).
The K82A, K84A, and K89A
mutants have Kd values that are
4-6 fold (approximately 400-600
nM) higher than that of the wild-
type PriB. Deletion of K82 or K89
(dK82 and dK89 mutants) also
decreases the ssDNA binding
ability. A triple mutant, K82A/
K84A/K89A was generated and
the binding ability of this triple
mutant to dT15 impaired dra-

Fig. 1:  Structure of the PriB-ssDNA complex. A. A PriB dimer interacting with two dT15
oligonucleotides. The two oligonucleotides (in red) are related by crystallographic 21 symmetry.
B. Enlarged electron micrograph of intact ψX ssDNA covered by PriB dimers. This EM image is
similar to the crystal packing of complexed structure of PriB.

Fig. 2:  The filter binding assay of PriB. A. Titration curves of
increasing amounts of PriB with a series of dT homopolymers (5-
20 nt). B. Titration curves of increasing amounts of PriB with
dT15 in the presence of varying concentrations of sodium chlo-
ride. C. Titration curves of increasing amounts of PriB mutan ts
with dA30.
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matically. The Kd for dT15 is 5,500 nM, which are 55-fold
higher than that of the wild-type PriB. These data indicate
that the highly electropositive region of PriB, especially
within the L45 loop (which includes Lys82, Lys84, and
Lys89), plays a crucial role in ssDNA binding. Results from
Figure 2B and 2C clearly indicate that PriB binds to ssDNA
mainly through electrostatic interactions.

Despite the presence of an SSB-like fold in PriB, PriB
appears to bind ssDNA in a different manner from SSB
(Figure 3). PriB dimers bind dT15 with the highly elec-
trostatic positive L45 loop surface and create a long chain
of protein surrounding a DNA strand. In contrast, a 35
bases-homopolymer wraps around the SSB tetramer in
the SSB-ssDNA complex. Minor different structure confor-
mation offers one apparent explanation for this distinct
ssDNA binding mode. The L23 and L45 loops of SSB are
longer than those of PriB. The L23 loop of SSB has three
aromatic residues (Trp40, Trp54, and Phe60) that are
strongly involved in ssDNA binding and guide the ssDNA
to wrap around the tetramer through base stacking inter-
actions. The L23 loop of PriB also has three aromatic
residues, but only Trp47 is involved in ssDNA binding. This
interaction involving a single amino acid probably is
insufficient to guide the ssDNA to traverse the L23 loop of
PriB in a manner similar to that observed for SSB. The
much shorter L23 and L45 loops make that PriB can not
bind ssDNA by wrapping the DNA around a tetrameric
arrangement of OB-folds in a manner similar to SSB.

A large number of non-specific DNA binding proteins
have OB-fold. The OB-fold is found in a large number of
non-specific DNA binding proteins. Non-sequence-spe-
cific protein-DNA interactions are predominantly either of
hydrophobic nature, in which aromatic or aliphatic residues
contact DNA bases, or of an ionic nature, in which polar or
positively charged residues contact the negatively
charged phosphate backbone. The highly basic nature of
PriB suggests that PriB should bind ssDNA non-specifical-

ly. The most interesting finding of this study was that PriB
uses a different ssDNA binding strategy from that of other
SSBs, including human replication protein A (RPA). The
observation that conserved aromatic residues in the L45

loop of the OB-fold of SSB and RPA are not present in PriB
and are instead replaced by positively charged residues,
suggest that the ssDNA binding mechanisms of these OB-
fold proteins may be significantly different. The mutations
have greater effects on DNA binding found to be Lys82,
Lys84, and Lys89, whilst mutations of Trp47, Arg13, and
Lys18 only slightly affected DNA binding, also indicating
that the L45 loop of the OB fold region is particularly
important for DNA binding in PriB (Figure 2C). The bind-
ing affinity of PriB was greatly decreased in the presence
of salt (Figure 2B), also further indicating that the elec-
tropositive interactions between PriB and ssDNA are criti-
cal for ssDNA binding.

It has been found that binding of PriB to various
ssDNA, partial duplex DNA, and forked DNA is inefficient
at low concentrations except in the presence of PriA heli-
case. This fact indicates that cooperation between PriB
and PriA helicase may be necessary for PriB to form stable
complexes with ssDNA. Our data shows that the ssDNA
binding affinity of PriB strikingly increases within a narrow
protein concentration range (Figure 2A), indicates a posi-
tive cooperative binding process. The cooperativity of
PriB-ssDNA binding may stabilize disordered ssDNA in the
absence of strong protein-protein interactions. Our struc-
tural data further support that PriB cooperatively binds to
an ssDNA via another PriB interacting with the same
ssDNA molecule (Figure 1B). The second PriB bound to
the PriB-DNA complex is likely a key step for formation of
a stable complex. It is tempting to propose here that this
PriB-ssDNA-PriB complex may mimic the PriA-ssDNA-PriB
complex structure. The highly electropositive ssDNA
binding region (1-199) of PriA helicase containing 8 lys
residues and 14 Arg residues, is most likely serve a similar
role as the L45 loop region of the neighboring PriB. If this

hypothesis is true, seemingly contradictory data
described below can be reconciled. First, SSB is
known to inhibit PriA helicase on unbranched
DNA. Although the molecular structure of PriB is
highly similar to that of SSB, PriB can stimulate
PriA helicase both on forked DNA and unbranched
DNA. It is thought that unlike PriB, the L45 loop of
SSB is not highly electropositive, suggesting that
SSB cannot produce the same conformational
change effect on PriA-ssDNA complex as that of
PriB. Second, previous data indicates that PriB can
stabilize binding of PriA to ssDNA. This may result

Fig. 3:  Structural comparison of three aligned OB-fold domains: E. coli PriB
(PDB code 2CCZ); E. coli SSB (PDB code 1EYG); human RPA70 (PDB code
1JMC).



from cooperative binding of PriA to ssDNA with PriB,
thereby decreasing the rate of dissociation of PriA from
the DNA during the unwinding cycle. 

In conclusion, the complex structure and ssDNA bind-
ing properties of PriB provide molecular details about
how may PriB joins to the PriA-directed primosome. The
ssDNA binding properties of PriB differ from that of SSB
also suggest a structure-based reason for their distinct
roles of these proteins in DNA replication.
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