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Similarities in DNA base sequence indicate that pSC101 and R1162 encode related systems for conjugal
mobilization, although these plasmids are otherwise very different. The mob region of pSC101 was cloned, and
two genes that are required for transfer were identified. One gene, mobA, encodes a protein similar in amino
acid sequence to the DNA processing domain of the R1162 MobA protein. The other gene, mobX, is within the
same transcriptional unit as the pSC101 mobA and is located just downstream, at the same position occupied
by mobB in R1162. Despite this, the MobB and MobX proteins do not appear to be closely related based on a
comparison of their amino acid sequences. Complementation analysis indicated that neither of the pSC101
Mob proteins could substitute for, or be replaced by, their R1162 counterparts, nor were they active together
at the R1162 origin of transfer (oriT). However, the full set of R1162 Mob proteins did recognize the pSC101
oriT. A hybrid system for mobilization, active at the R1162 oriT site, was constructed. This system consists of
MobX and a chimeric protein made up of the DNA cleaving-ligating domain of the R1162 MobA protein joined
to a fragment of pSC101 MobA. Previous results suggested that MobB and a region of MobA distinct from the
DNA processing domain together formed a functional unit in transfer. The present results support this model
because the chimeric MobA, although active on R1162 oriT, requires the pSC101 protein MobX for efficient

plasmid mobilization.

R1162, a broad-host-range plasmid essentially the same as
RSF1010, is efficiently comobilized during conjugal transfer of
R751, RK2 (RP4), and other members of the IncP-1 plasmid
group (29). The proteins required for mobilization are en-
coded by a cluster of three genes, mobABC (Fig. 1), which are
transcribed divergently from promoters adjacent to the origin
of transfer (oriT) (27). MobA, the principal DNA processing
protein, binds at oriT and cleaves one of the strands, which is
then unwound and passed into a recipient cell during mating.
MobA must partially disrupt the DNA duplex at oriT in order
to cleave the strand (30). A second, auxiliary protein, encoded
by mobC, assists in strand separation, thus increasing the effi-
ciency of cleavage (31). MobA remains covalently linked to the
5" end of the strand during transfer and subsequently rejoins
the ends of this DNA (4, 25, 26). A third gene, mobB, embed-
ded in a different reading frame within mobA (27), is also
required for efficient mobilization (22).

The R1162 mob genes belong to a family of transfer systems
that appear to be related, with similar oriTs and MobA-like
proteins. The members of this family are widely distributed in
different plasmids and are found in a diverse group of bacteria,
including Agrobacterium tumefaciens, Thiobacillus ferrooxidans,
Staphylococcus aureus, and Streptococcus agalactiae (11, 13, 14,
28). It is likely that in each case specific characteristics of the
transfer system have evolved, reflecting the properties of the
plasmid host. This is clearly true for R1162, where mobA has
become extended through the neighboring, downstream mobB
and has become fused to the gene encoding the replicative
primase of the plasmid (Fig. 1) (27). This arrangement in-
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creases the frequency of mobilization, probably because the
MobA-linked primase is delivered more efficiently to the rep-
licative origin, where it initiates synthesis of the complement to
the transferred strand (17).

In order to investigate the kinds of variation possible among
the R1162 family of transfer systems, we have begun to char-
acterize the mob region of the mobilizable plasmid pSC101
(12). The base sequences of the R1162 and pSC101 oriTs are
nearly identical in the region of the cleavage site, whereas the
adjacent inverted repeats have very different sequences and
potential secondary structures (Fig. 2A). In addition, pSC101
encodes a protein that is clearly homologous to MobA in the
amino-terminal region containing the nickase-ligase activity
(Fig. 2B). In contrast, an initial inspection of the potential
open reading frames (ORFs) of pSC101 revealed no obvious
homologs to the accessory proteins MobB and MobC. More-
over, the systems for replication of the two plasmids are com-
pletely different, and the pSC101 MobA-like protein is not
fused to a primase or other protein.

I have identified the mob genes of pSC101 and characterized
how they interact with the related mob genes of R1162. I have
found that although no single protein is interchangeable, the
R1162 Mob proteins can together activate the pSC101 oriT for
transfer. Moreover, for both pSC101 and R1162, a domain of
MobA and a second Mob protein function as a matched pair to
promote efficient transfer. The R1162 pair can be replaced by
the one from pSC101, resulting in a hybrid MobA active on the
R1162 oriT. Therefore, this pair forms a functional unit distinct
from the DNA processing domain of MobA.

MATERIALS AND METHODS

Bacterial strains and plasmids. The donor strains used in bacterial matings
are all derivatives of MV10 (C600 ArrpES) (18). The recipient strain in mating
experiments was DF1019 (16), a C600 derivative resistant to nalidixic acid. The
derivations of the plasmids used in this study are outlined in Table 1. All donor
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FIG. 1. Genetic organization of the mob region of R1162. Numerical coor-
dinates are distances (in base pairs) from the unique EcoRI site, based on the
sequence of the virtually identical plasmid RSF1010 (27). The arrowheads are at
start sites for translation. The coding regions for the different functional domains
of MobA are indicated; the section encoding the primase, which is also synthe-
sized separately by internal initiation within the gene (27), has been truncated in
the figure.

strains contained the IncP-1 plasmid R751 (19) as the mobilizing vector. Bacteria
were mated on semisolid medium as described previously (7). All mating fre-
quencies are the results of duplicate experiments (variations of <1 order of
magnitude).

Other procedures. Plasmids encoding an active, hybrid MobA were con-
structed by cleaving approximately 1.3 pg of pUT1663 DNA with Aatll and
EcoRI (see Fig. 5) and then digesting this DNA at 30 C with 0.1 U of Ba/31
exonuclease in 50-pl final volume. Samples (10 pl) were taken at 1-min intervals
for 5 min, and the reaction was stopped by the addition of 36 ul of 26 mM
EGTA. These samples were then pooled and further incubated with Klenow
fragment in buffer containing 33 wM concentrations of each deoxynucleoside
triphosphate. The DNA was finally ligated overnight at room temperature and
then used to transform MV10(R751). Cells containing mobilizable plasmids were
identified both by direct mating of transformed cells and by matings with pooled
populations of transformants.

RESULTS

A cloned fragment of pSC101 sufficient for conjugal mobi-
lization. Like the IncQ plasmid R1162, pSC101 is efficiently
mobilized by IncP-1 plasmids (29). The sequence of pSC101
(3) reveals a large ORF that would encode a protein with an
amino acid sequence similar to that of the R1162 MobA pro-
tein, as well as an adjacent locus likely to be the origin of
transfer (Fig. 2). We cloned a 2,754-bp BstYI fragment con-
taining this DNA into the BamHI site of pACYC184 (12); the
resulting plasmid, pUT1621, was efficiently mobilized by R751
(Fig. 3). In the cloned DNA there are six ORFs that would
encode a protein greater than 10 kDa (Fig. 3). The 43-kDa,
potentially MobA-like protein would be encoded by the largest
of these, ORF A. A nonpolar cassette encoding kanamycin
resistance (21) was inserted into this ORF to create the plas-
mid pUT1626 (Fig. 3). This plasmid was no longer mobilizable
by R751 (Fig. 3), indicating that ORF A does indeed encode a
protein required for transfer. ORF A was therefore designated
as pSC101 mobA.

The pSC101 mobA is adjacent to the presumptive pSC101
oriT and thus occupies the same position as the R1162 mobA
(Fig. 1). ORFs E and F are on the opposite side of the pSC101
oriT. ORF F has a position and orientation similar to that of
mobC of R1162 (Fig. 1). However, both ORF E and ORF F
could be deleted without significantly affecting transfer
(pUT1628; Fig. 3). ORF B is downstream from the pSC101
mobA, in the same position as mobB in R1162. Insertion of the
kanamycin cassette into this ORF resulted in a lower frequency
of mobilization (pUT1654; Fig. 3). We call this ORF mobX,
since its product does not show an obvious relationship to
MobB (Fig. 2C). We have not tested whether the small ORFs
C and D are involved in mobilization. These ORFs overlap

J. BACTERIOL.

mobX and mobA, respectively, but would be translated in the
opposite direction (Fig. 3).

In R1162, mutations in the region of mobA just upstream
from mobB result in a lower level of transfer, although unlike
the mutations inactivating the nickase-ligase domain of the
protein, transfer is not completely abolished (Fig. 1) (23). A
14-bp insertional mutation in the region of the pSC101 mobA
adjacent to mobX reduced the mobilization frequency of
pUT1621 (pUT1642; Fig. 3). The decrease in transfer could be
due to either a change in the structure of the MobA protein or
a polar effect of the frameshift on mobX. Indeed, an in-frame,
6-bp insertion at the same position has at most a small effect on
the mobilization frequency (pUT1643; Fig. 3). This question is
examined in more detail below.

Complementation between the R1162 and pSC101 mob sys-
tems. At least two genes, mobA and mobX, occupying positions
similar to those occupied by mobA and mobB of R1162, are
required for mobilization of pSC101. In view of the apparent
relatedness of the mob systems of the two plasmids, we tested
for genetic complementation. The R1162 derivative pUT1371
contains an in-frame deletion in mobB and is mobilized at a
frequency of 1.8 X 107> (22). The mutation was comple-
mented in trans by the R1162 mobB, cloned in the plasmid
pUT1657, but not by any of the pSC101 mob genes (plasmid
pairs 1 and 2; Fig. 4A). The lack of complementation by the
pSC101 mob system was not due to interfering competition
between the MobA proteins of the two plasmids, since there
was also no complementation when either the R1162 or the
pSC101 mobA genes were inactivated (plasmid pairs 3 and 4;
Fig. 4A). It was also possible that the pSC101 MobA and
MobX could activate the R1162 oriT, but only when MobC,
which appears to be missing in the pSC101 mob system, is
absent. However, the failure of complementation was also not
due to interference by MobC (plasmid pair 5; Fig. 4A). Thus,
the two mob systems have diverged sufficiently so that the
pSC101 mob proteins cannot substitute, either singly or as a
group, for those encoded by R1162.

It was possible that the pSC101 Mob proteins were not
complementing in frans because they were binding preferen-
tially to the pSC101 oriT, located in cis with respect to the mob
genes. To test this possibility, we first confirmed that pUT1617,
a pBR322 derivative containing a cloned copy of the R1162
oriT (Table 1), was poorly mobilized (<10 > transconjugants
per donor) from cells containing pUT1621. However, when the
pSC101 oriT was cloned into this molecule to generate
pUT1693 (Table 1), the mobilization frequency increased to
0.6 transconjugants per donor. Thus, like the R1162 system (8),
the pSC101 Mob genes can activate the pSC101 oriT in trans,
even when there is a competing oriT in cis.

Different results were obtained when we tested for comple-
mentation of mutations in the pSC101 mob region. The plas-
mid pUT1654, poorly mobilizable because of an insertion in-
activating mobX (Fig. 3), was mobilized at high frequency
when R1162 was also present in the donor cells (plasmid pair
1; Fig. 4B). This complementation did not require the R1162
oriT (plasmid pair 2; Fig. 4B) and thus was not due to plasmid
“piggybacking” by recombination at oriT during conjugal mo-
bilization (9). However, complementation did require all three
of the R1162 Mob proteins, since inactivation of any one of
these resulted in loss of complementation (plasmid pairs 3 to 5;
Fig. 4B). In addition, the mutation in mobX was not comple-
mented by MobB alone (plasmid pair 6; Fig. 4B). These results
indicate that the R1162 Mob proteins can assemble at the
pSC101 oriT and activate this origin for transfer. This includes
the actual nicking and ligation of the pSC101 ori7 DNA, since
pUT1626, which contains a large insertion completely abolish-
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A. orT:
T T g T
R1162 ! |
CCAGTTTCTCGAAGAGARACCGGTAAATGCGCCCT 1
1
pSC101 TTCTGAACGAAGTGAAGAAAGTCTAAGTGCGCCCT |
B. MobA:
pSC101: AWAAH] EF
R1162: FVER-PADY
pPSC101: RFATENPKA
R1162: TATI -
pSC101: 115 SGKHRPN
R1162: 115 GGAQKTEALK.
pSC10l: 174 i R————
R1162: 167 I E GRGI.
pSC101: 229 Q QQSRD TSLREALS TLTLKQELKS ESHS
R1162: 226 D I IDLQE ERNRQSEET QRVS GADRTA
pSC101: 288 FDFEKE KI.NALVSDEMKDIQEE LQSLVNDAMAEF IHQ KQ
R1162: 283 SPAGHE PAGQRGAGGGVAESP GGMGGAGQRVA SRRGE
pSC101: 346 K R-LAEQIROQK KGWSF
R1162: 342 GFHDAY DATDNRGRLDLAALGGPMKNDRTL...

C. MobB/MobX:

MobX: 1 MSDEIKQIAALIGHHQALEKR' TEQFQAASS! RVIRELDSASGNMTDT
MobB: 1 === [IDR! =-R--GT QSMATLADEARQVMSQ
MobX: 61 VRKSVSSALTQ' TAKAMIH! RY' AIYL
MobB: 41 TQQASEA S—-SAAQS. SRGW WLTV
MobX: 121 IFFVLASCVTRFTWFMNDGY SQTAEMORMEA KKAPLADISRCDGKPCVKVDTRT
MobB: 100 MMPTVVLLTASLLLLDLTPLTTEDGS—---1 RLVAR ------------------
MobX: 181 TYGDKENTWMIIKK

MobB: = @ —————————————-

FIG. 2. (A) Base sequences of the R1162 oriT (8) and of the presumptive pSC101 oriT. The region with a nearly identical base sequence is boxed by the dotted
broken line, and the location of the cleavage site in the R1162 oriT is shown by the inverted triangle. Bases potentially involved in intrastrand base pairing to form a
hairpin loop are underlined. (B) Amino acid sequence of MobA proteins of R1162 and pSC101, aligned to show similarities. Identical amino acids are boxed; similar
amino acids are underlined. Only the amino-terminal region of R1162 MobA, encoded by that portion of the gene extending up to the overlap with mobB (Fig. 1), is
shown. (C) Alignment of MobB and MobX. Amino acid sequences in panels B and C were determined from plasmid DNA base sequences (3, 27).

ing the pSC101 MobA, was also complemented for transfer
(plasmid pair 7; Fig. 4B).

A hybrid system for mobilization active on the R1162 oriT.
The complementation analysis indicated that the pSC101 Mob
proteins cannot substitute for the R1162 Mob proteins to ac-
tivate the R1162 oriT for transfer. We have shown elsewhere
that the R1162 MobA contains, in addition to the nickase-
ligase and primase regions, a third domain required for effi-
cient mobilization (23). This domain is encoded by the region
of mobA adjacent to mobB and just upstream in the direction
of translation (Fig. 1), and deletions here have only a small
effect on nicking and ligation at oriT (23). We therefore asked
whether this domain could be substituted by the analogous
region of the pSC101 MobA, even though this protein is inac-
tive at the R1162 oriT. We previously cloned into pBR322 a
fragment of R1162 mob DNA that included mobC, oriT, and
the part of mobA that encodes the amino-terminal domain
required to cleave and ligate oriT (4, 7). We cloned into this

plasmid, at the Sspl site within the vector DNA, mobX and the
adjacent segment of the pSC101 mobA. This places the mobA
fragments from pSC101 and R1162 near each other and ori-
ented in the same way but separated by a small fragment of
pBR322 DNA (Fig. 5). The resulting plasmid (pUT1663) com-
plemented pUT1654 (Fig. 5), indicating that mobX was ex-
pressed. This was due to transcription initiated from the intact
amp promoter of the vector (24), as well as to any of the R1162
mobA transcripts that reach mobX. However, pUT1663 itself
transferred poorly (Fig. 5). We next attempted to fuse the two
mobA fragments, by cleaving the DNA in the intervening
pBR322 segment and then partially digesting this DNA with
Bal31 nuclease (Materials and Methods). Plasmids were ob-
tained that were now transferred at higher frequency, and two
that had been isolated independently, pUT1678 and pUT1679
(Fig. 5), were characterized further. DNA base sequencing
revealed that in both plasmids the two mobA fragments were
unchanged, but part of the intervening pBR322 DNA had been
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TABLE 1. Plasmids used in this study
Plasmid Relevant characteristic(s)” Construction and/or reference

pUTI1309  AoriTg, 6 Bal31-generated 48-bp deletion in R1162 (22)

pUT1371  AmobBy s, 22

pUT1617  oriTg 162 Becker and Meyer (submitted)

pUT1621  Mob 101" Insertion of 2,754-bp BstY fragment from pSC101 into BamHI site of pAYC184 (10)

pUT1626  mobA gcip1:: Km cassette (21) inserted into pUT1621 at Rsal site (bp 3845 of pSC101 DNA)

pUT1628  AMobyscio (ORFs E and F) Deletion of small EcoRV fragment of pUT1621 (A4344-5021 pSC101 DNA)

pUT1642  mobA,sci01::(14 bp) CTCGAGGCCTCGAG inserted into pUT1621 at Hpal site (bp 3097 of pSC101
DNA)

pUT1643  mobA,sc101::(6 bp) CTCGAG inserted into pUT1621 at Hpal site by removing small Xhol fragment
GAGGCCTC from pUT1642

pUT1654  mobX,scqo1::Km Km cassette (21) inserted into pUT1621 at Xmnl site (bp 2840 of pSC101 DNA)

pUT1657 mobBgiis " HindIlI-Sall fragment containing mobB cloned from pUT221 (7) into pBR322

pUT1663  mobX mobA’ ,scig1 'mobAgi162 Insertion of 14-bp linker (above) containing Scal site at Sspl site of pUT208 (7). An
Nrul-Dral fragment (containing bp 2268 to 3619 pSC101 DNA) was then cloned
into this Scal site.

pUT1678  ®(mobA’' psci01+ mobAR1162) pUT1663 digested with Aatll and EcoRI and then partially digested with Ba/31
exonuclease, filled in with Klenow fragment, and ligated

pUT1679  ®(mobA’ ysci01+ mobAR162) Same as pUT1678

pUT1680  ®(mobA’ ,5ci0,+ mObAR 162) mobX::Km By replacement of BamHI-Dral fragment of pUT1678 (bp 2268 to 3619 pSC101
DNA) with similar fragment (containing a Km insertion at bp 2840) from pUT1654

pUT1681  ®(mobA’ ,sci91+ 'mobAg;14:) mobX::Km  Same as pUT1680, but with replacement of BamHI-Dral fragment of pUT1679

pUT1693  0riTr 162 07iTpscion pSC101 DNA (bp 4069 to 4199) amplified by PCR and cloned into pUT1617

“ The plasmid source of the gene or property is indicated by a subscript. The coordinates for pSC101 are from Bernardi and Bernardi (3).

deleted. In pUT1678, the two mobA fragments were now
linked in frame, joined by 37 codons derived from pBR322
DNA and the linker DNA used in the cloning (Table 1). In
pUT1679, there were 121 bp of pBR322 remaining, and syn-
thesis of the MobA polypeptide was apparently terminated at
TAA within this DNA. However, we think that mobilization of
pUT1679 also depends on a hybrid, fused protein (see Discus-
sion). Mobilizable plasmids with larger deletions extending
into either the pSC101 or R1162 mobA gene fragments were

not obtained, suggesting that both fragments were required for
efficient transfer.

The activity of the fusion proteins indicated that MobB and
a region of R1162 MobA could be replaced by protein encoded
by pSC101. It was clear that MobX alone was insufficient for
this replacement, since this protein was expressed in pUT1663,
which nevertheless transferred poorly (Fig. 5). Alternatively,
only the MobA fragment from pSC101 might be required.
However, when the mobX-inactivating insertion from pUT1654

pUT1621:
sog ORF B=mobX,y ORF A = mobA,,, oriT ORFE 5021
|| g [ — |
> ! - b |
ORFC il fin) ORFD i I ORFF !
Tkm T opuTeR2(409) 7 km |
[ Q pumessebp) [ < A
pUT1654 pUT1626 pUT1628
Plasmid: Mobilization frequency:
pUT1621 0.24
pUT1626 <1.5x10®
pUT1628 0.062
pUT1654 0.0003
pUT1642 0.0005
pUT1643 0.04

FIG. 3. (Top) Mob region of pSC101, cloned in pACYC184 to generate pUT1621. The rectangles indicate the potential ORFs, with the arrowheads showing the
direction of translation. Mutations in this DNA and the resulting derivatives of pUT1621 are also shown. (Bottom) Mobilization frequencies (number of transconjugants

per donor cell) of pUT1621 and derivatives are presented.
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FIG. 4. Complementation of mutations in the mob regions of R1162 (A) and
pSC101 (B). The pairs of plasmids in the donor strains (which also contained
R751) are indicated by the left braces. In each case, the arrow adjacent to one of
the plasmids points to its mobilization frequency from the donor. Simplified
maps of the mob regions are given for each plasmid, with the parental maps at
the top of the figure. The letters refer to the mob genes present in each case; the
brackets designate deletions, and the inverted triangles show an inactivating
insertion.
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was introduced into pUT1678 and pUT1679, the resulting plas-
mids (pUT1680 and pUT1681) were mobilized at a much
lower frequency (Fig. 5). Thus, both MobX and the fusion
MobA polypeptide from pSC101 are required for active hybrid
protein.

The pSC101 mobA gene fragment is probably not expressed
in pUT1663, since the normal signals for initiation of transla-
tion are missing, and the fragment is not fused in frame to amp
or to any other gene. Since pUT1663 can nevertheless com-
plement pUT1654 (Fig. 5), expression of mobX does not ap-
pear to require translation of the adjacent region of the
pSC101 mobA. It is therefore unlikely that the lower mobili-
zation frequency of pUT1642, which has a 14-bp insertion in
this region, is due to a polar effect of this mutation. To test this
directly, we asked whether pUT1642 could complement
pUT1680, which has an inactive mobX. The mobilization fre-
quency of pUT1680 was increased in the presence of pUT1642
(Fig. 5), indicating that mobX continues to be expressed in
pUT1642.

DISCUSSION

The mob region of plasmid pSC101 is located within a
2,754-bp fragment of the plasmid DNA and contains at least
two genes important for transfer. One of these encodes a
protein that is clearly homologous to the amino-terminal re-
gion of the R1162 protein MobA (Fig. 2). It is this region of
MobA that is required for cleavage and ligation of the conju-
gally transferred DNA strand. The second gene, mobX, is ad-
jacent to the pSC101 mobA and within the same transcriptional
unit. Although mobX occupies a position analogous to that of
mobB in the R1162 mob region, the two proteins show little
similarity in amino acid sequence (Fig. 2C). However, the
properties of the hybrid MobA proteins increase the likelihood
that MobX is a functional analog of MobB (see below).

Although MobX and the pSC101 MobA are inactive at the
R1162 oriT, the R1162 proteins will assemble at the pSC101
oriT and activate the plasmid for transfer. Efficient DNA pro-
cessing at oriT requires both the inverted repeat, and the re-
gion extending from the inverted repeat and including the
cleavage site (5). The outer arm of the inverted repeat is
required for termination of a round of transfer but not for
initiation, suggesting that its role is to restore in the transferred
single strand a duplex character to the inner arm (5, 20). Single
base changes in one arm of the inverted repeat and affecting
DNA processing by MobA are suppressed by second mutations
restoring base complementarity (2). This suggests that MobA
and the inverted repeat do not interact by means of highly
specific interactions between particular amino acids in the pro-
tein and corresponding bases in the DNA. Consistent with this
interpretation, the inverted repeat is important in vitro for
strong binding (6), but it does not determine the site of cleav-
age, since oriT single-stranded DNA lacking the inverted re-
peat is still cleaved at the correct location by the protein (26).
In addition, the distance of the inverted repeat can be in-
creased without affecting the cleavage site; instead, it is specific
bases within the adjacent oriT DNA that determines the site of
cleavage (E. Becker and R. Meyer, submitted for publication).

The characteristics of the interaction between MobA and
the inverted repeat are consistent with the activity of the
R1162 Mob proteins on the pSC101 oriT. Apparently, the
inverted repeat of this oriT fits sufficiently well with the MobA
molecule to be captured by the protein, despite its very differ-
ent sequence from the inverted repeat of the R1162 oriT. Since
the remaining part of the two oriTs are practically identical
(Fig. 2A), normal DNA processing can take place. The center
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pSC101 Mob pBR322 R1162 Mob
Y A
s ~N ~ =N
iT
mobX moba’  Malll EcoRl mobA "' mobC
pUT1663: : — | e i
- - —f
|:’amp
MobX ‘MobA MobC
ﬂ EcoRI + Aatll
Bal31 + ligation
UT1678 : mobA (niokfigate) "
p ) . mobX mobA . ‘mobA (nick/ligate) mobC
pUT1679:
- —
MobX MobA hybrid protein MobC
pUT1680, ]
pUT1681: Km
Mobilized Complementing Mobilization
plasmid: Plasmid: frequency:
1. pUT1663 none <1.0x10°
2. pUT1654 pUT1663 0.1
3. pUT1678 none 0.0016
4. pUT1679 none 0.0009
5. pUT1680 none 1.3x10°
6. pUT1681 none <2.0x10°
7. pUT1680 pUT1621 0.024
8. pUT1681 pUT1621 0.002
9. pUT1680 pUT1642 0.0006

FIG. 5. (Top) Structure of pUT1663 in a region containing mob DNA from pSC101 and R1162. The genetic manipulations used to generate the derivatives
pUT1678 and pUT1679, which have chimeric mobA genes, are also indicated. The origin and direction of transcription, as well as the translation products, deduced
from genetic analysis and from previously published information are also shown. (Bottom) Frequencies of mobilization for different plasmids.

of symmetry of the inverted repeat in the pSC101 oriT is also
located at a different distance from the normal cleavage site for
the R1162 MobA protein, but this can be compatible with
normal processing at the correct cleavage site (Becker and
Meyer, submitted).

No ORF encoding a protein similar to MobC of R1162 has
been identified in the mob region of pSC101. ORF F (Fig. 3)
has the same position and orientation as mobC and would
encode a protein of similar size, but this ORF can be deleted
without affecting transfer (pUT1628; Fig. 3). MobC enhances
the helical disruption of oriT DNA, thus promoting strand
cleavage by MobA (31). It is possible that a MobC-like protein
is required for transfer of pSC101, but this requirement is
relieved because of fortuitously greater helical distortion of the
pSC101 oriT in pUT1621. However, the R1162 MobA is active
on the pSC101 oriT only in the presence of MobC (Fig. 4B).
Assuming that the two MobA homologs are functionally sim-

ilar, at least in requiring a partially unpaired strand prior to
cleavage (30), then the pSC101 MobA appears to be more
robust in strand separation at oriT.

We have shown elsewhere that a domain of MobA, distinct
from that required for strand cleavage and ligation at oriT, is
required for efficient mobilization and stable relaxosomes (Fig.
1) (23). One interpretation is that MobB interacts with this
part of MobA. When the comparable region in the pSC101
MobA is disrupted (pUT1642; Fig. 3), transfer is affected, and
thus MobX and this domain could form a similar interacting
pair. The properties of the R1162/pSC101 hybrid MobA pro-
teins encoded by pUT1678 and pUT1679 (Fig. 5) support the
model that MobB or MobX and the adjacent region of the
corresponding MobA protein form a matched pair. The hybrid
mobilization systems were active on the R1162 oriT only when
both MobX and the pSC101 MobA domain were present. This
suggests that the MobB (or MobX) protein and a domain on
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the cognate MobA together make up a functional unit. Nor-
mally, the MobA domain is part of the whole protein, and this
is also the case in pUT1678, where the DNA sequence would
indicate that a single, hybrid MobA protein is produced. In
pUT1679, the two mobA gene fragments are not linked in
frame. However, it is unlikely that the pSC101 MobA fragment
is synthesized separately and is active in mobilization. First,
there are no potential upstream initiation codons in the re-
maining pBR322 DNA. Second, if the fragment were synthe-
sized due to a cryptic initiation codon, either upstream or
within the gene itself, then pUT1663 would be active in trans-
fer, and this is not the case (Fig. 5). More likely, a hybrid
protein is produced by internal frameshifting within the
pBR322 DNA. At the site for termination of translation, the
RNA has the sequence UUU UUC UAA. This is a particularly
“slippery” sequence, causing —1 frameshifts (1, 15), which
would then place translation in the correct reading frame for
the downstream pSC101 mobA fragment. In any case, it is
important to note that the functional unit represented by the
pSC101 mobA fragment is distinct from the cleavage-ligation
domain of MobA and, at the very least, can be separated from
it by a polypeptide bridge.

If MobB and MobX function similarly within related mob
systems, then why are they not more alike? One possibility is
that MobB has undergone unique selective pressure because of
its location just upstream from the replicative primase of
R1162. Since the MobA-primase fusion in R1162 increases the
efficiency of transfer (17), mutations that increased read-
through in an ancestral plasmid, where the genes were sepa-
rate, would be selected. These would include deletions reduc-
ing the size of mobB, and indeed MobB is much smaller than
MobX (Fig. 2C). In addition, there would be point mutations
eliminating stop codons in the fusion reading frame, and these
would frequently generate amino acid changes in MobB. One
would also expect compensating changes in the interacting
domain of MobA. In agreement with this, the similarity of
MobA and its pSC101 homolog is substantially less in this
region than in the nickase-ligase domain (Fig. 4B).
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