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Structural Characterization of the virB Operon of
the Hairy-root-inducing Plasmid pRiA4

Yajie Liang, Takashi Aoyama, and Atsuhiro Oka

The virulence ir) loci of the hairy-root-inducing plasmid pRiA4 are essential for pathogenicity of its
hostAgrobacterium rhizogenes4. We have now determined the nucleotide sequencieBfegion

(9,926 bp). It was found that thiéB operon is composed of 11 geneis&1 to virB11), whose products

mostly appear to be associated with the cell membrane. A novel structural characteristic is frequent
overlapping between the translation termination and initiation codons of the adjacent genes This is
indicative of fine tuning of relative translation frequencies for each VirB protein, supporting the view
that VirB multisubunit complexes provide facilities for T-DNA transfer at the bacterial cell membrane.
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The agropine-type hairy-root-inducing plasmid phenolic compounds such as acetosyringone. Nucleotide
pRiA4 confers tumorigenic symptoms at wound sites onsequences of all of thér loci, except the largestrB
a wide variety of dicotyledonous plants upon infection operon, have been determined by our laboratory, and
by its host bacteriumigrobacterium rhizogene&4. compared with those of tumor-inducing plasmids har-
Tumorigenesis is caused by the transfer of a definedbored byA. tumefaciengfor reviews, see ref. 1 and 2).
DNA segment (T-DNA) on the plasmid from a bacte- Here, we report the nucleotide sequence of/tt op-
rium into the plant nuclear genome and subsequent coreron together with its flanking regions, thus completing
stitutive synthesis of plant phytohormones directed bysequencing of the entixér loci of pRiA4.
the T-DNA. T-DNA transfer requires the 25 bp imper-  The vir loci of pRiA4 have been identified with
fect direct repeats at both extremities of T-DNAcas  transposon (T8+HoHo1) insertion mutations that lead to
factors, and the virulenceif) loci outside of T-DNA as  defects in pathogenicity, and thkiz gene organization
transfactors. The/ir genes constitute the six transcrip- examined from the similarity with that of the tumor-in-
tional unitsvirA, virB, virC, virD, virE, andvirG. Their  ducing plasmid pTiA6 by hybridization experiments. As
expression is tightly regulated as a regulon by both the result, it has been found that pRiAB is located in a
virA andvirG gene products, being inducible by plant region corresponding to ttéindlll-10, -8 and -32b frag-
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Scope of research

Attempts have been made to elucidate structure-function relationships of genetic materials and various gene prod
major subjects are mechanisms involved in signal transduction and regulation of gene expression responsive to envi

ljncts. The
onmental

stimuli, differentiation and development of plant organs, and plant-microbe interaction. As of December 1997, study|is being

concentrated on the roles of homeo domain proteins, MADS box proteins, and DDK response regulators of higher
developmental and signal transduction processes.
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ments. These three fragments were purified from g the enzyme involved in lipoprotein recognition and
cosmid clone (pBANK1329) covering the DNA region processing, it appears to associate with lipid. Besides,
from theHindlIl-23b to HindllI-25 fragments (3), and  vjrB4 and VirB11 are presumed to be the ATP-binding
then separately inserted into pUC18. With the resultingbroteins_
recombinant plasmids, progressive deletion derivatives |t is well known thatvir regions of pRi and pTi are
were constructed by either ejecting appropriate restricaxchangeable without loss or alteration of the pathogenic
tion fragments or recloning smaller fragments. Each Ofspecificity, and DNA fragments carryingr of a given
the inserted DNA segments was sequenced from eithgj|asmid hybridize with those of other plasmids (3).
side for both strands by an ABI Prism 377 DNA se- Therefore, the pRiA&irB operon should structurally be
guencer. In addition, adjacent restriction fragments actug|ose to those of pTi's, as already shown for the otier
ally being contiguous was confirmed by sequencinggenes of pRiA4 (3). Indeed, both the gene organization
overlapping fragments with appropriate custom primers;n the pRiA4virB operon and the amino-acid sequence of
By arranging overlapping sequences of both strands, thgach VirB protein were exceedingly similar to those of
nucleotide sequence from tkedR| site downstream of  pTj's at the nucleotide sequence level. The identities of
VirA to theDral site upstream o¥irG was deduced gmino-acid residues between pRiA4 and pTiC58 VirB's
(9,926 bp; see http:/molbio.kuicr.kyoto-u.ac.jp/virb).  and between pRiA4 and pTiA6 VirB's occurred at 90%-
The occurrence of initiation and termination codonsgso, and at 70%-92% residues, respectively. Also the
for protein synthesis in all possible reading frames sugyyerlapping feature is completely identical with that of
gests that theirB locus carries information to code for pTiC58 and close to that of pTiA6. Conservation of the
11 polypeptides of 26.4 kDa, 12.3 kDa, 11.7 kDa, 87.7pyerlapping feature seems to reflect the control of trans-
kDa, 23.1 kDa, 31.8 kDa, 5.9 kDa, 26.2 kDa, 32.2 kDa,|atjon initiation frequency relative to that of the preced-
40.3 kDa, and 38.2 kDa. Each of the presumed codinghg gene, providing the exact molar ratio of synthesized
frames was namedrB1 to virB11, respectively, all of B proteins. This view supports the idea that VirB pro-
which were accompanied by a potential ribosome-bind+ejns make multisubunit complexes at the bacterial cell
ing sequence (4). The initiation codon fonaiB genes  memprane, presumably giving facilities for the passage
exceptvirB1 was the conventional AUG codon. How- of T-DNA from a bacterium to a plant cell.

ever,virB1 appeared to use a rare initiation codon AUC.  The similarity scores of VirB between pRiA4 and
This was not a result of base substitution occurred during,-ric58 (compatible combination) are significantly
cloning experiments because direct sequencing of th@jgher than those between pTiA6 and pTiC58 (incompat-
corresponding region of pRiA4 DNA gave an identical jpje combination), whereas the similarity scores between
result. The transcription start site is located 65 bp UPpTiA6 and either pRiA4 or pTiC58 are comparable.
stream of therirB1 translation initiation site (5). There These are consistent with the view thatine@egions of
are helically phased vir box sequences essential for VirGne three plasmids have evolved from a common ances-
binding and the promoter -10 region, though no typicalta| vir gene set from which pTiAgr was initially sepa-
promoter -35 region is present (5). These structural fearated. Since plasmids belonging to a single incompatibil-
tures strongly support all efrB1 tovirB11 being actu- ity group are usually more cognate to each other than
ally structural genes and constituting an operon. those involved in different incompatibility groups, func-
A novel structural characteristic of thgB operonis  tional domains of pRi and pTi, at least those determining
frequent overlappings of the translation terminationyjrylence on plantsvfr and T-DNA) and autonomous
codon of the preceding gene with the translation initia-rep|ication and incompatibilityofi/inc), appear to have

tion codon of the following gene. Those frimB1to  peen shuffled during evolution of these plasmids.
virB4 overlap for 1 bp, and those frarinB8 tovirB10 do
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