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The virulence genes of nopaline (pTiC58) and octopine (pTiA6NC) Ti plasmids are similarly affected by the
Agrobacterium tumefaciens ros mutation. Of six vir region complementation groups (virA, virB, virG, virC, virD,
and virE) examined by using fusions to reporter genes, the promoters of only two (virC and virD) responded to
the ros mutation. For each promoter that was affected by ros, the level of expression of its associated genes was

substantially elevated in the mutant. This increase was not influenced by Ti plasmid-encoded factors, and the
mutation did not interfere with the induction of pTiC58 vir genes by phenolic compounds via the VirA/VirG
regulatory control mechanism. The effects of the ros mutation and acetosyringone were cumulative for all vir
promoters examined. The pleiotropic characteristics of the ros mutant include the complete absence of the
major acidic capsular polysaccharide.

Crown gall, a tumor disease of plants caused by Agrobac-
terium tumefaciens (29), affects a wide range of gymno-
sperms and dicotyledonous angiosperms (7). There is mount-
ing evidence that a number of monocots can be infected,
although the production of tumorous growth is not generally
characteristic of infection in monocots other than some
members of the orders Liliales and Arales (7, 13, 18). Plants
become susceptible to infection at wound sites after a
conditioning response takes place (4). The infection process
involves attachment of the bacterium to the plant cell (19)
and subsequent transfer of part of the Ti plasmid DNA from
the bacterium to host plant cells (reviewed in reference 23).
The Ti plasmid contains two clusters of genes that are

directly related to the infection process. One of these clus-
ters is the T-DNA, which is transferred to the plant and
contains genes for the biosynthesis of plant growth regula-
tors and modified sugars and amino acids, collectively called
opines, that serve as carbon and nitrogen sources for the
invading bacteria (reviewed in reference 23). The second
cluster is the vir region, comprising about 30 kilobase pairs
(kb) of DNA, which contains genes that are expressed in the
bacterium during the course of infection. The vir region
contains six complementation groups (virA, virB, virG, virC,
virD, and virE) that are common to octopine (31) and
nopaline (28) Ti plasmids. Octopine Ti plasmids contain a
seventh complementation group, virF (17), that is not
present in nopaline Ti plasmids (15). The functions of the
genes within these groups are currently being ascertained.
For instance, VirA and VirG are involved in sensing diffus-
ible phenolic compounds produced by wounded plant tissue
(2, 31) and in transmitting a regulatory signal that increases
the transcription of the remaining vir genes (28, 35). At least
two of the virD genes are involved in T-DNA processing (1,
32, 37), and other Vir functions seem to influence the
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infection efficiency and host range ofA. tumefaciens (14, 15,
36).
Genes present elsewhere than on the Ti plasmid are also

involved in the infection process. Mutations in either of two
chromosomal genes, chvA and chvB, result in a marked
reduction in the binding of A. tumefaciens to plant cells and
a concomitant reduction of virulence (9). Exopolysac-
charide-deficient mutants of A. tumefaciens that can be
complemented by the exoC locus of Rhizobium meliloti (5)
are also avirulent and attachment deficient, as are a group of
Agrobacterium mutants that eliminate the production of one
or more periplasmic or outer membrane proteins (20). Mu-
tations of another locus, ros, increase the expression of virC
(formerly bak) and virD (formerly hdv) genes in the absence
of contact with plant cells and with no additional require-
ment for Ti plasmid-encoded functions (6). Mutations in the
ros locus (chromosomal or cryptic megaplasmid) cause a
pleiotropic phenotype that includes a dry, florette colony
morphology and an inability to grow at low temperatures (6).
We have extended our analysis of the basis of this mutation
since it seemed possible that the Ros phenotype is in some
way characteristic of a physiological state normally experi-
enced by the bacterium in the course of its interactions with
plant cells and in which the mutant is genetically trapped.
Here we show the effect of the ros mutation on the vir genes
of nopaline and octopine Ti plasmids by using reporter genes
fused to the various well-characterized vir promoters (28,
31). Our evidence indicates that ros regulation operates on a
subset of the vir genes and is independent of the VirA/VirG
mechanism. The major acidic exopolysaccharide is also
completely absent in the ros mutant.

MATERIALS AND METHODS
Bacterial strains and plasmids. Escherichia coli HB101

(proA leuB lacY thi hsdS20 recA rpsL20) was from H. W.
Boyer. A. tumefaciens LBA4301 (Rec- Rif' [rifampin resis-
tant], pTiAch5-free) was from Rob Schilperoort. LBA4301
rosi was described previously (6). pTiC58 Trac is a transfer-
constitutive nopaline Ti plasmid (6) that was introduced into
LBA4301 rosi by conjugal transfer from A. tumefaciens
NT1, which was obtained from Mary-Dell Chilton. The
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FIG. 1. Maps of Ti plasmid vir regions. The positions and
directions of transcription of the nopaline (pTiC58) and octopine
(pTiA6NC) Ti plasmid vir region complementation groups are

shown below the physical maps. The coordinates for pTiC58 are

based on those of Holsters et al. (16), and the positions of the
complementation groups are as described elsewhere (28). pTiC58 vir
region promoter fragments (pUCD) are also shown and have been
described previously (6,28). The coordinates above the HindIII map

of pTiA6NC are from De Vos et al. (8), and the positions of the
complementation groups and theTn3-HoHol insertion sites (pSM)
in the cosmid fragments (pVCK) covering this region are from
Stachel and Nester (31). Octopine plasmids also contain virF (not
shown) to the right of virE (17).

LBA4301 recipient contained a tetracycline resistance (tet)
gene on a segregatable plasmid. LBA4301 rosl(pTiC58 Trac)
transconjugants were identified as colonies that were tetra-
cycline and rifampin resistant and utilized nopaline as a sole
carbon and nitrogen source and also by the additional
properties of supersensitivity to agrocin 84 and the typical
dry-colony morphology of ros mutant strains. The tetracy-
cline resistance plasmid was eliminated from the transcon-

jugant by segregation, and the resulting strain was tested for
virulence on several plant hosts.
pTiC58 vir region promoter fragments (Fig. 1A) fused to

cat in the vector pUCD206B (6, 28) were introduced into A.
tumefaciens by transformation. All of the pTiA6NC vir-lacZ
fusion plasmids (31) (Fig. 1B) or R. meliloti pSym nod-lacZ
(21) fusion plasmids were introduced by triparental matings
from E. coli with the helper plasmid pRK2013, obtained from
D. Helinski.
Growth conditions. A. tumefaciens strains were routinely

maintained on medium 523 (6) agar with rifampin (25 ,ug/ml).
Plasmids based on the vector pUCD206B were maintained
by the addition of neomycin (25 p.g/ml), and plasmids con-

taining pTiA6NC vir or pSym nod promoters were main-
tained by adding kanamycin (20 pug/ml). Cultures used to

generate the data in Tables 1 and 2 were grown in 523 broth

with antibiotics, and those used in Table 3 and Fig. 2 were
grown in Murashige and Skoog plant medium (GIBCO
Laboratories) supplemented with 12.5 mM potassium phos-
phate buffer, pH 5.7. Cultures for Table 3 also contained
neomycin (20,ug/ml), and those for Fig. 2 contained rifampin
(25,ug/ml) and neomycin (10,ug/ml). Induction with
acetosyringone is described elsewhere (28).
Enzyme assays. Procedures for determining the specific

activity of chloramphenicol acetyltransferase (CAT) and
P-galactosidase from crude extracts have been described
previously (2, 6). Briefly, log-phase cells were collected by
centrifugation, washed once, and sonicated. Cell debris was
removed by centrifugation, and the supernatant fluid was
assayed for enzyme activity. Bovine serum albumin (Sigma
Chemical Co.) was used as a standard for the protein assay
of Bradford (3).
T-DNA right-border cleavage assay. The cell pellet from 5

ml of culture, grown as described above, was washed once
with H20, frozen at -20°C, and then suspended in TEN
buffer (10 mM Tris [pH 8.0], 10 mM NaCl, 1 mM EDTA).
Pronase (0.1 ml of a 2.5-mg/ml solution) and then N-lauroyl
sarcosine (0.1 ml of a 5% solution) were added (both were
dissolved in TEN buffer). Following a 60-min incubation at
37°C, the viscous lysate was passed 14 times up and down
through a disposable 1-ml plastic tip for an adjustable
pipette. Phenol and chloroform (0.5 ml of a 1:1 mixture) were
added, and the tubes were inverted 80 times. Samples were
then centrifuged, and 320 p.1 of the aqueous phase was
transferred to a fresh tube, with care taken to minimize the
transfer of material at the solvent interface. The phenol-
chloroform extraction was repeated once, this time with 240
RI1 transferred to a fresh tube. This aqueous solution was
extracted two times with 0.5 ml of chloroform by inverting
80 times, centrifuging for 2 min, and then removing the
chloroform from the tube after each extraction. The aqueous
sample was then centrifuged for 3 min, and 200,ul was
transferred to a fresh tube. NaCl (8,ul of a 5 M solution) and
then 208,ul of cold (-20°C) isopropanol were added, and the
sample was allowed to stand at room temperature for 5 min.
Following a 5-min centrifugation at room temperature, the
supernatant was removed, and the nucleic acid pellet was
washed once with 1 ml of 70% ethanol and then dried
inverted. The dried pellet was dissolved in 120 pul of TEN
buffer and 1,ul of pancreatic RNase (5 mg/ml in 10 mM Tris
[pH 7.51-15 mM NaCl, heated in a boiling water bath for 15
min). Rehydration of the nucleic acid required 16 h on ice.
DNA (6 to 12,ul) was then digested with restriction endonu-
clease and examined after gel electrophoresis and transfer to
Zeta-probe membrane (BioRad Laboratories).

Exopolysaccharide analysis. One milliliter of a fresh over-
night culture of each strain grown in medium 523 was used to
inoculate 100 ml of a nitrogen-limited minimal medium
composed of (per liter): 5 g of glucose, 0.1 g of (NH4)2SO4,
0.2 g of MgSO4, 1 g of Na2HPO4, 3 g of KH2PO4, and 5 ml of
Davis City tap water (trace metals). The pH was adjusted to
pH 7.4. The cultures were shaken vigorously in 500-mi
Erlenmeyer flasks at 28°C for 5 days. Cells were removed by
two 20-min centrifugations at 12,000 x g. The acidic poly-
saccharide material in the cleared supernatant fluids was
precipitated by the addition of 0.3 volume of 1% HTAB
(hexadecyl trimethyl ammonium bromide) and centrifuga-
tion for 10 min at 7,000 x g. The pellet was dissolved in 10%
(wt/vol) NaCl and then precipitated with 3 volumes of 95%
ethanol and redissolved in distilled H20. The material was
reprecipitated twice with 3 volumes of ethanol and dried
under a stream of N2 gas. The quantity of final precipitated
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TABLE 1. CAT expression from pTiC58 vir-cat fusions in wild-type A. tumefaciens and the ros mutant

Avg CAT activity (nmol/min per mg of protein) ± SDI
Gene fused Plasmid Wild type ros mutant

to cat designation
-Ti + Ti -Ti + Ti

virA pUCD1177 63.9 ± 4.2 57.3 ± 4.1 109 ± 14.5 168 ± 2.4
virB pUCD1179 4.9 ± 0.6 3.8 ± 1.5 3.6 ± 1.5 5.3 ± 0.2
virG pUCD1184 108 ± 24.2 101 ± 14.1 167 ± 32.6 182 ± 37.3
virC pUCD206-8 <0.4 <0.4 65.8 ± 13.5 84.2 ± 1.8
virD pUCD206-7 17.1 ± 7.8 18.8 ± 1.1 148 ± 15.3 164 ± 11.5
virE pUCD1183 15.1 ± 1.1 15.3 ± 1.2 22.9 ± 1.7 23.5 ± 0.9
None pUCD206B 2.9 ± 0.3 3.0 ± 0.2 3.3 ± 0.9 2.4 ± 1.2
cat pSa4 1,187 ± 109 NDb 1,503 ± 105 ND

aAverages of at least duplicate determinations.
bND, Not determined.

material was determined by an anthrone assay (27) with
glucose as the standard, and its hexose composition was
analyzed by gas chromatography following complete hydrol-
ysis by trifluoroacetic acid, reduction by NaBH4, and acet-
ylation with acetic anhydride (30). Inositol was used as an

internal standard for calibration of the chromatograph
against predetermined migration rates for a number of
hexoses, including inositol, galactose, and glucose.

RESULTS

vir region genes affected by the ros mutation. The vir
regions of the nopaline Ti plasmid pTiC58 and the octopine
Ti plasmid pTiA6NC are shown in Fig. 1. We reported
previously that the bak (now virC) and hdv (now virD) genes
of pTiC58 were expressed at elevated levels in the A.
tumefaciens ros mutant (6). To examine the effect of ros on
the remaining pTiC58 vir gene promoters, we have now used
a set of cat fusion plasmids that carry promoters from virA,
virB, virG, and virE, as well as virC and virD (28). Each
promoter is fused to a promoterless cat gene in the vector
pUCD206B (6). The expression of cat from each promoter
was examined in wild-type LBA4301 and the ros mutant
(Table 1). Each fusion was tested in these strains in the
presence and absence of pTiC58 to determine whether the Ti
plasmid influences the effect of the ros mutation. For this
study, all cultures were grown in 523 broth at 30°C and
harvested at late log phase (130 Klett turbidity units, green
filter). In all cases, including the control plasmid pSa4 (6),
whose cat gene is regulated by the native cat promoter, we
observed a slightly higher level of cat activity in the ros

strain than in the wild type. virC and virD expression was
substantially higher in the ros mutant than in the wild type.
In contrast, none of the other vir promoters responded to
ros, their increase in every case being about the same as the
background level for pSa4. The presence or absence of the
complete Ti plasmid seemed to have no influence on vir gene
expression in either strain under these growth conditions.
The homologous loci of the octopine Ti plasmid pTiA6NC

were tested in a similar manner. Instead of subcloning
promoter active fragments, we used the available transposon
Tn3-HoHol insertions in pTiA6NC cosmid clones (31),
which place lacZ under the control of the various vir
promoters (Fig. 1B). Each cosmid was tested in otherwise Ti
plasmid-free A. tumefaciens LBA4301 and the ros strain
under conditions identical to those used above for the
pTiC58 vir promoters (Table 2). In parallel with the results
for pTiC58, only virC and virD fusions responded strongly to
the ros mutation.

The exact values of the ratios of specific activities in the
ros mutant strain versus the wild type differ somewhat
between pTiC58 and pTiA6NC (132 versus 60.2 and 76.6,
respectively, for virC, and 8.7 versus 102 and 31.9, respec-
tively, for virD). The differences in these ratios may be due
to actual differences between pTiC58 and pTiA6NC in the
basal levels of virC and virD expression or may reflect some
variability that is inherent in using different enzyme fusions
and different fusion sites within any given operon. It is clear
that the ros mutation resulted in at least a 60-fold increase in
virC and at least a 9-fold increase in virD expression. The ros
mutation did not affect the expression of R. meliloti Sym
plasmid promoters for nodC and nodD (21) (Table 2).
pTiC58 vir gene induction with acetosyringone. Since it has

been shown for nopaline and octopine Ti plasmids that virC
and virD respond not only to ros, but also to phenolic
compounds (2) such as acetosyringone (31), we examined
the effect of the ros mutation on the induction of pTiC58 vir
gene promoters fused to cat (Table 3). The presence of intact
Ti plasmid pTiC58 Trac, which contains virA and virG, was
used as a means of enabling these strains to respond to
acetosyringone. virA, virB, and virE, each of which was
induced by acetosyringone but not increased strongly in the
ros mutant, showed essentially the same ratios of expression
with and without inducer whether the fusions were harbored
in the wild type or the ros mutant. The level of virC and virD
expression still increased in the ros mutant in response to

TABLE 2. P-Galactosidase expression from pTiA6NC vir-lacZ
fusions in wild-type A. tumefaciens and the ros mutant

P-Galactosidase sp act (nmol/min
Gene fused Plasmid per mg of protein) ± SDa

to lacZ designation
Wild type ros mutant

virA pSM202 37.4 ± 1.4 40.6 ± 0.3
virB pSM1 15.0 ± 0.3 11.6 ± 0.8
virB pSM30 7.2 ± 0.2 4.8 ± 0.2
virG pSM363 171 ± 17 219 ± 20
virC pSM365 2.4 ± 0.1 141 ± 18.3
virC pSM379 1.4 ± 0.1 111 ± 14.9
virD pSM304 6.4 ± 0.4 658 ± 132
virD pSM334 2.3 ± 0.4 71.8 ± 6.0
vir E pSM358 48.9 ± 1.6 47.6 ± 2.5
None 0.0 ± 0.1 0.0 ± 0.1
nodD pRmM61 360 ± 159 215 ± 24
nodC pRmM57 6.1 ± 1.1 3.1 ± 0.4

a Averages of duplicate determinations + standard deviation, after sub-
tracting the basal level of activity (3.4 units for the wild type and 2.4 units for
the ros mutant).

VOL. 169, 1987



5116 CLOSE ET AL.

TABLE 3. Effect of ros on the VirA/VirG-mediated induction
of pTiCS8 vir genes

CAT sp act (nmol/min per mg of protein)b
Gene
fused Wild type ros mutant
to

cata Without With Without With
acetosyringone acetosyringone acetosyringone acetosyringone

virA 68 223 165 539
virB 5 1,000 5 1,530
virG 134 113 256 209
virC <0.4 127 37 300
virD 11 550 310 1,040
virE 30 990 51 1,220
None <0.4 <0.4 <0.4 <0.4

a Plasmids are listed in Table 1.
b One assay for each sample.

acetosyringone. The VirA/VirG-mediated mechanism of in-
duction is thus not abolished or superseded by the ros

mutation. In every case, there was no response to aceto-
syringone when pTiC58 Trac was absent from the genetic
background (data not shown).

Other evidence from a more direct assay for virD expres-
sion indicated that virD was in fact expressed at the highest
levels in the ros mutant under acetosyringone-induced con-
ditions (Fig. 2). Using the 14.2-kb EcoRI fragment that
contained the pTiC58 right border as a probe (Fig. 2A), we
observed the smallest amount of double-stranded right-
border cleavage in the wild-type strain without acetosy-
ringone induction and the greatest amount in the ros strain
with acetosyringone induction (Fig. 2B). No detectable
border cleavage was observed under the same conditions
with a virD mutant Ti plasmid (Fig. 2C). That the observed
cleavage occurred at the position of the right border was
verified by the same assay with XbaI- and KpnI-digested
DNA (data not shown). In this assay, we used the appear-
ance of double-stranded cleavage products as an indicator of
virD activity (32), although one could use the appearance of
single-stranded T-DNA intermediates for the same purpose
(37). The data presented here do not address the issue of
which structures are essential to T-DNA processing and
transfer. Together, these results indicate that the effects of
ros and VirA/VirG represent two independent and additive
regulatory controls over virC and virD gene expression.

ros mutant strain lacks the major acidic capsular polysac-
charide. As reported earlier, ros colonies are nonmucoid.
Nonmucoid strains ofA. tumefaciens have been shown to be
deficient in the production of their major acidic capsular
polysaccharide and because of this deficiency show de-
creased fluorescence under UV light when grown on medium
containing the optical brightening agent calcofluor (5). We
found strong, bright fluorescence for the wild type versus
dim, bluish gray fluorescence for ros mutant colonies (Fig.
3A). To characterize the capsular material, A. tumefaciens
strains were grown in carbon-rich, nitrogen-limited medium
to stimulate the production of exopolysaccharide (10), which
was then processed and characterized as described in Mate-
rials and Methods. Supernatant fluids of wild-type cultures
were quite viscous, but ros cultures looked no more viscous
than the starting medium. When HTAB was added (see
Materials and Methods), a dense, stringy precipitate imme-
diately formed in the wild-type supernatants, and no visible
precipitate formed in the supernatants from the ros strains
even after overnight incubation (Fig. 3B). The concentration

of this material in the culture supernatant was found to be 2.5
to 3.0 g/liter in the wild-type and less than 5 mg/liter in the
mutant strains. The hexose composition of this material was
approximately 6.7 mol of glucose per mol of galactose.
These data are consistent with the idea that the major
exopolysaccharide of A. tumefaciens contains the same
repeating octasaccharide that is the principal component of
the major acidic exopolysaccharide of R. meliloti (5). Since
the ros mutant harboring a Ti plasmid is still virulent (Fig.
3C), the production of the major acidic capsular polysac-
charide by A. tumefaciens must not be required for viru-
lence. Similar conclusions were reached by Cangelosi et al.
(5), many of whose calcofluor-dark strains lacked the major
acidic exopolysaccharide and were still virulent. Two known
effects of the ros mutation are thus to abolish acidic
exopolysaccharide production by affecting non-Ti-associ-
ated genes and to cause constitutive expression of Ti plasmid
virC and virD genes.
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FIG. 2. Conditions for maximum virD expression. (A) The
pTiC58 T-DNA right border (RB) is contained in EcoRI fragment 1
(14.2 kb). One of the events observed after induction of the host
strain with acetosyringone is virD-dependent, double-stranded (ds)
cleavage at T-DNA borders, leading to 7.9-kb and 6.3-kb fragments
instead of a single 14.2-kb fragment after EcoRI digestion. (B) The
wild-type (wt) strain LBA4301 and the ros mutant strain were grown
in the presence of acetosyringone (AS), and DNA was isolated as
described in Materials and Methods. DNA fragments were sepa-
rated in 0.7% agarose gels in a buffer containing 40 mM Tris (pH
7.9), 5 mM sodium acetate, and 2 mM EDTA. DNA was electro-
phoretically transferred to a Zeta-Probe membrane in the same
buffer following ethidium bromide staining, photography on a UV
transilluminator, depurination in 0.25 M HCI, and neutralization in
0.5 M NaOH-1.5 M NaCl. The transferred DNA was cross-linked to
the membrane by using UV light and probed with nick-translated
32P-labeled EcoRI fragment 1 (0.2 ,ug, 2 x 106 cpm) in 6x SSC (lx
SSC is 0.15 M NaCl plus 0.015 M sodium citrate) buffer at 68°C for
8 h. (C) The ros mutant strain was similarly examined when
containing Ti plasmids with Tn5 insertions and grown with aceto-
syringone. The virD mutant Ti plasmid is pJK195 (28), and the
virD-proficient Ti plasmid is pJK503, a virC mutant (28). The same
cleavage pattern was observed for all TnS insertions except those in
virA, virG, and the first gene of virD (T. Steck, personal
communication).
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FIG. 3. Properties of the ros mutant. (A) Fluorescence of
LBA4301 (left) and LBA4301 rosi (right) colonies on medium 523
containing 0.05% calcofluor and photographed under UV light. (B)
Precipitation of acidic polysaccharide from the supernatant of
LBA4301 and LBA4301 rosl by the addition of 0.3 volume ofHTAB
(see Materials and Methods). (C) Tumor formation by LBA4301 and
LBA4301 rosi, each carrying pTiC58 Trac, on Datura stramonium

stems 30 days after inoculation.

DISCUSSION

The same vir genes (virC and virD) responded to the ros

mutation in nopaline as well as octopine Ti plasmids, and the
VirANVirG-mediated response to acetosyringone seemed to
be unaffected by the ros mutation. The production of acidic

exopolysaccharide was abolished in the ros mutant, but the
ros strain was still virulent when carrying a Ti plasmid. A
model for ros regulation must therefore account for de-
creases as well as increases in the expression of target genes.

Global regulatory networks have been well established for
bacteria (11). Among them are examples that can mechanis-
tically account for the type of regulation that we seem to find
with ros. Direct regulators such as the cyclic AMP receptor
protein and the ntrC gene product can mediate repression or
induction of their target loci (24, 26). Alternatively, as with
RecA in the SOS circuit, a modulator can switch the activity
of a regulator, such as LexA, so that target genes may be
either repressed or induced (33). In the SOS system the
target genes may themselves be either activators or inhibi-
tors of cellular functions. As a specific example, the control
Qf capsule synthesis in E. coli is mediated by two positive
(rcsA and rcsB) and two negative (rcsC and lon) regulatory
genes, one of which (lon) is a component of a global
regulatory network (12). In short, when one considers the
numerous possibilities in multila,yered regulatory networks,
the pleiotropic nature of the Ros phenotype does not present
a conceptual problem.

Since the ros mutant lacked acidic exopolysaccharide
regardless of whether a Ti plasmid was present, it is plausi-
ble that the effects of the ros mutation on virC and virD
would be farther down a regulatory cascade than its effects
on exopolysaccharide production. We have isolated a num-
ber of exopolysaccharide-deficient mutants of LBA4301 by
using TnS mutagenesis, but none resulted in the increase in
virC and virD expression characteristic of the ros mutant
(data not shown). A deficiency in exopolysaccharide synthe-
sis is therefore not sufficient to increase virC and virD
expression.
Whether the ros locus encodes a direct or indirect regula-

tor of its target genes, the ultimate control exerted over the
virC and virD genes via ros could be by either a positive or
a negative regulator. Two lines of evidence favor negative
regulation. (i) As we have shown previously, the virC and
virD genes are expressed at low basal levels in A.
tumefaciens wild-type strains but are expressed at very
elevated levels in E. coli (6). It is simpler to suppose that a
virCiD repressor is not present in E. coli than that a suitable
positive regulator exists. (ii) DNA can be transcribed effi-
ciently and accurately in vitro from the virC and virD
promoters by RNA polymerase isolated from wild-type A.
tumefaciens (R. C. Tait and C. I. Kado, unpublished data).
RNA polymerase must thus be prevented from initiating virC
and virD transcription in wild-type A. tumefaciens by a
regulator that the ros mutation affects.

Since obvious surface alterations exist in the ros mutant, it
seems worthwhile to consider the possibility that there is
some functional relationship between bacterial surface com-
position and virC and virD expression. If the Ros phenotype
were to reflect a physiological state that is normally experi-
enced during infection, then it is plausible that the virC and
virD genes (at least some of them, since the first two virD
genes are known to be involved in T-DNA processing) may
be involved in establishing virulence-specific contact. Plant
cell wall materials and bacterial surface components that are
involved in plant-bacteria adhesion should thus be consid-
ered candidates for triggering a "ros state." Several candi-
dates already exist in the literature, including pectin-rich
plant cell wall fractions that inhibit binding of agrobacteria to
plant cells (22), a proteinaceous substance that was reported
to induce virD (formerly called virC) expression (25), and
bacterial lipopolysaccharides (34), periplasmic outer mem-

VOL. 169, 1987



5118 CLOSE ET AL.

brane proteins (20), and (,-1,2)glucan (5), each of which has
been suggested to play a role in binding. Efforts are under
way to isolate and characterize the ros locus and to establish
the mechanism by which the virC and virD genes are affected
by its product(s).
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