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Escherichia coli F plasmid partition apparatus is composed of two trans-acting proteins (SopA and
SopB) and one cis-acting DNA sequence (sopC). The SopB-sopC complex has been suggested to serve
a centromere-like function through its interaction with chromosomally encoded proteins which remain
to be identified. In this paper, we are introducing a new yeast 1.5-hybrid system which assembles the
two-hybrid and one-hybrid system as a mean to find an additional component of the F plasmid par-
tition system, interacting with DNA (sopC)-bound SopB protein. The result indicates that this system
is a promising one, capable of selecting an interacting component.
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Many biological processes rely upon macromolecular inter-
actions. Networks of physically interacting factors orches-
trate complex patterns of gene expressions that control
cell growth and differentiation. Traditionally, the tools
available to identify and characterize molecular interac-
tions have been limited to biochemistry. However, a
genetic method, the two-hybrid system (1), has recently
emerged as a powerful method to identify protein-protein
interactions. Two interacting proteins are expressed in
yeast as hybrids fused to a DNA-binding domain (BD) or
an activation domain (AD). The interaction between the
BD and AD reconstitutes a functional transcriptional fac-
tor that activates a reporter gene driven by a promoter con-
taining BD recognition sites.

The one-hybrid system allows the identification of DNA-
binding proteins (DBP). When the DBP is expressed as a
hybrid with an AD, the interaction between DBP fused with
AD and its binding site activates reporter genes. In fact
ORC6, a component of the yeast replication origin recog-
nition complex, was isolated by this system (6).

Low copy number plasmids in bacteria such as F and P1
have their own partition systems which ensure their equi-
partition in the host cells undergoing division (15, 18).
The partition system of the Escherichia coli F plasmid
includes two trans-acting genes, sopA and sopB, and a cis-
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acting site sopC (Fig. 1) (9, 12). SopA is a 388-amino
acid protein with DNA-dependent ATPase activity and is
known to bind to four repeated sequences in the reg-
ulatory region of the sopAB operon for which it acts as an
autorepressor (17). Recently, the sopC was required for
full repression of the sop operon as well as SopA (19).
SopB is a 323-amino acid protein that binds specifically
to sopC, a DNA segment comprised of 12 tandem repeats
of 43 base pair (13, 16). The SopB-sopC complex has
been suggested to serve a centromere-like function through
its interaction with chromosomally encoded proteins
which remain to be identified. SopA is also involved in
this centromere-like nucleoprotein structure (5, 14). SopB
appears to have a bipartite structure: the amino-terminal
half constitutes the DNA-binding part and the carboxy-
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Fig. 1. The sop operon region of Escherichia coli F plasmid. The
genetic map of the sopA and sopB genes and the cis-acting sopC/incD
region. The arrows indicate 12 tandem direct repeats of the 43 bp in the
sopC region. inc, incompatibility; Protein H and G, ccdA and ccdB (cou-
pled cell division); Protein C, replication protein (oriV); Protein E, rep-
lication protein (oriS).
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terminal half is important in silencing of the genes prox-
imal to sopC in cells overexpressing SopB and may play
a role in partition as well (3, 10).

In this paper, we demonstrated the utility of the yeast
1.5-hybrid system which assembles the two-hybrid and
one-hybrid system to find the interacting component of
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the nucleoprotein complexes. Our test case here was the
E. coli F plasmid partition system.

Construction of the reporter strain and plasmids
In order to construct the yeast reporter strain, plasmid
pRY171-sopC was generated from pRY171 (which was
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Fig. 2. Construction of yeast SFY526-sopC reporter strain and hybrid plasmids. (A) The genetic organization of the yeast SFY526-sopC strain. The
sopC locus is located in the upstream of the lacZ gene which is driven by the GALI promoter. (B) The genetic map of the plasmids pGAD424-sopA
and pGAD424-sopB. (C) Construction of plasmid pSK84. The abbreviations are : Amp', ampicillin resistance gene; ColEl ori, origin of replication
for E. coli; 2 ori, origin of replication for yeast; TRP1, yeast tryptophan synthetic gene; P, ... truncated ADH] promoter; T, transcriptional ter-

minator.
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kindly provided by M. Ptashne, (20)) by replacing four
upstream activation sequences (UAS), with the sopC
sequences. The resulting vector has a unique Stu I site for
targeted integration of the plasmid pRY171-sopC at the
URA3 locus of Saccharomyces cerevisiae SFY526 [MATa,
ura3-52, his3-200, ade2-101. lys2-801. trp1-901, leu2-3,
112, cart, gald-542, gal80-538, URA3::GAL1,, -GAL1 .-
lacZ] (4). The diagram of the yeast SFY526-sopC is
shown in Fig. 2(A). The integration of sopC sites into the
SFY526 was identified by Southern hybridization (data
not shown) using sopC DNA fragment as a probe.

Full-length sopA and sopB gene fragments were gen-
erated by the polymerase chain reaction (PCR) and were
subcloned in-frame into the yeast vector pGAD424 (pur-
chased from Clontech) to produce GAL4-AD fused target
proteins. The resulting plasmids, pGAD424-sopA and
pGAD424-sopB, were used (Fig. 2(B)) as AD plasmids.

To construct the expression vector which expresses SopA
and SopB proteins simultaneously, the Aafll-Nsil (5,476
bp) fragment of pGBT-sopA and the AarlI-PstI (2,890 bp)
fragment of pGAD-sopB were ligated. This recombinant
plasmid was designated as pSK84 and the scheme of its
construction was shown in Fig. 2(C).

Verification of the yeast 1.5-hybrid system

Yeast transformation was performed using the PEG/Li-
acetate method as previously described (2). The trans-
formants were plated on synthetic complete (SC) medium
lacking tryptophan and leucine, and containing 5-bromo-
4-chlolo-3-indolyl-B-D-galactopyranoside (X-gal, 80 pg/ml)
and 1 mM of isopropyl 1-thio-B-D-galactopyranoside (IPTG).
Plates were incubated at 30°C for 2 to 3 days. Blue col-
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Fig. 3. Yeast 1.5-hybrid assays using several plasmids : (A) pGADA424-
sopA, (B) pGADA424-sopB, (C) pSK84 and pGAD424-sopA, (D)
pSK94 and pGAD424-sopB. The b-gal activity was quantified enzy-
matically (see in the text). The enzyme activities are the average of inde-
pendent measurements of [-gal activity from three yeast colonies.
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onjes were assayed for 3-galactosidase (B-gal) activity by
quantitative liquid culture using o-nitrophenyl -D-galac-
topyranoside (ONPG) as a substrate (11).

To confirm whether the yeast 1.5-hybrid system func-
tions, yeast SFY526-sopC was transformed with pGADA424-
sopA and pGAD424-sopB, respectively. The results are
shown in Fig. 3 (A and B). Because SopB-AD (SopB
fused with AD) was able to bind to the sopC site spe-
cifically, it showed about 433 units of f3-galactosidase (-
gal) activity, which meant it could be a transcriptional acti-
vator by itself. On the other hand, as SopA-AD was not
able to bind to the sopC site directly, it showed only a basal
level of B-gal activity (0.2 units). When pSK84 was trans-
formed alone, the B-gal activity was about 0.1 units.

Meanwhile when pGAD424-sopA and pSK84 were
transformed simultaneously, the activity was 17 units (Fig.
3(C)). This was about 80 times higher than the pGAD424-
sopA alone suggesting that SopA maybe involved in the
SopB-sopC complex in certain ways. When pGADA424-
sopB and pSK84 were transformed simultaneously (Fig. 3
(D)), the B-gal activity was the highest, 50% higher than
being transformed with pGAD424-sopB alone (681 units).
The result implies that SopA may support SopB-SopB
dimerization activity or the formation of the SopB-sopC
partition complex. It may also imply that SopA may be
involved in the complex directly or indirectly.

Screening of an AD-library using yeast 1.5-hybrid system
In order to find additional proteins which might be involved
in the F plasmid partition apparatus, we screened the F.
coli Matchmaker genomic library (purchased from Clon-
tech) using this newly designed yeast 1.5-hybrid system.
First, yeast SFY526-sopC was transformed with a pSK84
plasmid. Then, SFY526-sopC (pSK84) was transformed
further with the library. A candidate yeast transformant
which showed a blue color was identified through this
screening. The [-gal activity of this candidate by quan-
titative liquid culture using ONPG as a substrate was esti-
mated to be about 270 units. From this selected clone,
plasmids were extracted. We transformed these plasmids
into E. coli KC-8 to specifically distinguish the AD-plas-
mid. We then extracted the AD-plasmid from E. coli KC-
8, and then sequenced it. The sequencing result showed
that this candidate plasmid contained the amino-terminal
part of SopB (12-119 amino acids). However, this result
failed to reveal a new component of the F plasmid par-
tition system which was yet to be identified. This result
reaffirmed the fact that the amino-terminal part of SopB
was responsible for the SopB dimerization and the par-
tition of the F plasmid which was already known (7, 8)
One of the reasons that we failed to find the other com-
ponent may be that the library we used was not big
enough to have a chromosomally encoded partition pro-
tein.

There are many intracellular complexes other than the F
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plasmid partition system, which involve interactions
between DNA and multitle proteins. Thus, we expect that
the yeast 1.5-hybrid system works as a search engine to
find either the binding component or the degradatlon fac-
tor of any nucleoprotein complexes.

We thank Prof. James C. Wang, in whose laboratory (in
the Department of Molecular and Cellular Biology, Har-
vard University) this work was carried out. This work was
supported by a grant CTR No. 4090R.
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