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The presence of the Ti plasmid favorably influences the attachment of agrobacteria to grape callus cells,
especially during the early stages of a 2-h incubation. Agrobacterium strains attached to a similar extent to both
the crown gall-resistant cultivar Euhwba)i’Vms labruscana, and the crown gall-susceptible cultivar (Chan-
cellor), Vitis sp. Attachment of the vfmlent strain to grape callus cells is blocked by the avirulent strain HLB-2
in both the tissue culture cell suspension and the seedling root systems.

Agrobacterium tumefaciens, a soil-borne phytopathogenic
bacterium, infects many higher plants through wounds. A
large tumor-inducing (Ti) bacterial plasmid is essential for
tumorigenesis (for reviews, see references 4 and 29). Two
clusters of genes on the Ti plasmid, the vir region and the
T-DNA, play critical roles during the infection process.
Wounded tissues release phenolic compounds (32), which
activate a sequence of vir genes that prepares the T-DNA for
transfer.to plant cells and for its subsequent integration into
the genome. The expression of T-DNA in the infected plant
results in the’overproduction of growth hormones, which
leads to undifferentiated plant cell proliferation (29).

The binding of bacteria to plant cells is one of the earliest
steps in the transformation (tumorigenesis) process (for
reviews, see references 1, 7, and 23). In vitro studies
revealed that binding of 4. tumefaciens to plant cells is
temperature dependent (26), that a pH of 6 is optimal (25,
26), and that divalent cations had little effect on attachment
(15, 26). Quantitative analysis has been performed on plant
cell suspensions by either counting viable bacterial cells or
detecting isotope-labeled bacteria. The former uses filtration
to separate free bacterial cells from those attached to the
plant cells (20, 22). The latter measures radioactivity re-
tained on plant cells (9, 25, 26).

A. tumefaciens biovar 3 is the predominant pathogen in
vineyards worldwide (5, 19, 27, 34) and has not yet been
successfully controlled in practice. Chen and Xiang (8)
reported that an antagonist, Agrobacterium radiobacter
HLB-2, suppresses crown gall bacteria in grapevines. How-
ever, the inhibitory mechanism .has not been identified. Our
preliminary data indicated that HLB-2 cells rather than
culture filtrates attenuated the numbers and sizes of tumors
formed on grape explants. We hypothesized that HLB-2
might interfere with infection by blockage of the infectable
sites./The attachment process has been studied with various
plant tissues, such as pinto bean leaves (18), potato discs (13,
28),carrot (20, 24), tobacco (9, 13), and even some monocot
cells (10, 14, 26, 37). However, the attachment of Agrobac-
terium strains to grape cells has not been well studied. The
objective of this study was to investigate the attachment of
Agrobacterium strains to grape cells in a callus suspension
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and the competitive attachment between A. radiobacter
HLB-2 and 4. tumefaciens in both a callus suspension and a
root system.

MATERIALS AND METHODS

Preparation of grape callus cell. Grape calli of cultivars
Catawba and Chancellor were derived from stem internodes.
The grape explants were sterilized with 2.5% sodium hypo-
chlorite; a sterile distilled water rinse followed. Tri d
pieces of explants, ca. 0.5 cm in length, wege grown on
half-ionic-strength Gamborg’s B5 (Sigma) tissu€ culture me-
dium (12) supplemented with a-naphthalene acetic acid and
kinetin (both at 0.5 pg/ml). Callus from the rims of the
explants was subcultured onto fresh medium. Grape calli, 20
to 25 days old, were homogenized in 0.07 M phosphate
buffer (pH 6.3). The homogenized cell suspension was
filtered through a double layer of cheesecloth. One milliliter
of the filtrate was diluted 10-fold, and cells were counted in
a Sedgewick-Rafter chamber. This cell suspension was di-
luted in the same buffer to a final concentration of ca. 10*
cells per ml.

Preparation of bacterial cells. The bacterial strains used are
listed in Table 1. Overnight cultures were pelleted, washed
once with phosphate buffer, resuspended, and diluted to the
required final concentrations before inoculation.

Agrobacterium cell recovery by different techniques. Ali-
quots of 1 ml of bacterial suspension prepared from phos-
phate buffer, ca. 10 cells per ml, were centrifuged at 17 X g
for 2 min (Beckman Microfuge model 11). One-hundred-
microliter aliquots of the supernatant solution were spread
onto a nutrient yeast dextrose agar (NYDA) plate (17) in
triplicate. Meanwhile, aliquots of 10 ml of the bacterial
suspension were filtered through Miracloth or Whatman no.
1 filter paper. One-hundred-microliter aliquots of the filtrate
were spread on NYDA plates in triplicate. As a control, a
0.1-ml bacterial suspension without filtration or centrifuga-
tion was spread on the same medium in triplicate. All of the
plates were incubated at 28°C. The CFU were determined,
and the efficiency of bacterial recovery was calculated and
compared with that of the control. The experiment was
conducted twice. Statistical analysis was done by using
Fisher’s protected least significant difference (LSD) method
(33).

Bacterial attachment to grape cells. Grape cell and bacterial
cell suspensions were mixed at a ratio of 10:1, which gave a
final bacterial concentration of 10° cells per ml and a plant
cell concentration of 10* cells per ml. The mixtures were
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TABLE 1. Bacterial strains used in this study

Strains Biovar Other characteristics® (rest'g::r‘l:ze)
A. tumefaciens
GS8 1= Noc Nester
Al36 1 C58 cured of pTi, Rif Nester (39)
A348 Al36(pTiA6), OCC Nester
A854 Al36(pTiAg63), OCC  Nester
NT1 Same as those for Pueppke (39)
A136 except Rif*
NT1(pTil5955) NT1(pTi15955) Pueppke
FACH 1 Isolated from grape Goodman
Ag63R 3 Mutant of Ag63; Str .. Goodman (36)
Rif P Eae
A5129 Tn5 mutagenesis? Nester (10)
A348; ExoC™
A. radiobacter
HLB-2 1 Xiang (12)
K84 2 Kerr
E. coli K-12 Wild type Chatterjee

“ NOC, nopaline catabolism; OCC, octopine catabolism.

placed in Erlenmeyer flasks, two to three flasks per mixture,
and the flasks served as blocks. The mixtures were gently
agitated for a few seconds and incubated at room tempera-
ture. After regular time intervals, aliquots of 1 ml of the
mixture were pipetted into a 1.5-m] microcentrifuge tube and
centrifuged @t 17 X g for 2 min. This low-speed centrifuga-
tion allows the grape callus cells with the attached bacterial
cells to sediment, while the unattached bacterial cells remain
in the supernatant. Thus, bacterial cells attached to grape
cells were separated from the unattached ones. One-hun-
dred-microliter aliquots of the supernatant were spread onto
NYDA plates in triplicate, and colonies were counted as
described before. For controls, viable bacterial cells main-
tained in phosphate buffer with and without grape cells also
were counted. Percentages of attached bacterial cells were
calculated by subtracting percentages of unattached cells
recovered from the supernatant. The procedures were re-
peated three to five times, with each experiment set up in a
randomized complete block design. The differences in means
between strains at each time point were analyzed by the
LSD test (33).

Measurement of competitive attachment to callus cells, A.
tumefaciens Ag63R and A. radiobacter HLB-2 were mixed
in equal volumes with the grape callus suspension (10* cells
per ml), giving a final concentration of 10° CFU of each
bacterium per ml. The mixtures were set up and incubated,
and 1-ml aliquots were centrifuged as described above.
Aliquots of 0.1 ml of Supernatant were spread onto NYDA
plates and NYDA plates supplemented with streptomycin
and rifampin at 1,000 and 10 wg/ml, respectively. Unattached
Ag63R cells were counted as colonies that developed on the
medium supplemented with the antibiotics following plating
of aliquots of the Supernatant, and unattached HLB-2 cells
were obtained by subtracting recovered Ag63R from the
total colonies recovered from NYDA plates without antibi-
otics. The experiments were performed four times to pro-
duce a complete block design. Data were analyzed by the
LSD test (33).

Competitive attachment of agrobacteria to grape seedling
roots. Grape plantlets (cv. Chancellor) were regenerated
from embryoids produced by anther callus cultures. Roots of
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TABLE 2. Comparison of bacterial recovery from bacterial celj
suspension by various techniques in absence of plant cells

.

ol Bacterial recovery (% of control® + SEM) after:

: Filtration through:

Strain sl litration through
centrifugation Miracloth Whatman
paper

Al36 98.7 A% + 1.3 923A =46 MOC=15
A348 9.7A %= 0.3 71.7B + 0.3 47.3C %52
A854 98.7A %13 98.7A*13 80.7B = 3.3
C58 9.3A+0.7 97.3A 1.2 83.7B=*19
FACH RN3A+24 87.3 AB + 43 78.0 B * 0.6
Ag57 100A =0 74.7B % 8.1 732B +9.5
Agb63 97.1A %25 95.2A + 4.7 75.5B + 6.8
HLB-2 9B8.7Ax13 873B + 1.7 T76+35
K84 . 96.7A =33 MIC +12 47.0C 45

¢ Means of three measurements. Each strain was tested three to five times
and gave similar results.

® Means followed by the same letter are not significantly different at P <
0.05 as determined by Fisher’s protected LSD test. Analysis was performed
on square root-transformed data.

aseptic grape plantlets were rinsed with sterile distilled water
and immersed in the phosphate buffer with Ag63R alone or a
mixture of Ag63R and HLB-2. The final concentration of
each strain was ca. § x 106 cells per ml. After 1, 2, or 3 hpof

quots of 10-fold dilutions were spread onto Roy-Sasser’s
selective medium (30) supplemented with streptomycin and
rifampin in triplicate. The plates were incubated at 28°C, and
the colonies were counted. The number of attached bacterial
cells per area of root surface was determined. Each treat-
ment consisted of three to four grape plantlets. The experi-
ment was repeated once. Data were log transformed, and
because of significant strain versus time interactions, data
were analyzed by orthogonal contrasts to determine whether
significant differences existed between treatments at each
time (33).

RESULTS

Comparison of bacterial recovery by various techniques.
Attachment has been routinely measured by filtering a
mixture of plant and bacterial cells through Miracloth or
Whatmag filter paper (21), which permits the passage of
bacteria but not plant cells. In this study, we found that the
filtration provided erratic bacterial recovery, while low-
speed centrifugation provides nearly perfect recovery from
bacterial cell supernatant in the absence of plant cells (Table
2). Of all bacterial strains tested, four of nine strains were
recovered by Miracloth filtration at 90% of the control
levels, but three of nine strains were recovered below 80% of
the control levels. Whatman filter paper gave the lowest
bacterial recoveries of the three techniques. Since the low-
speed centrifugation sediments grape cells (personal obser-
vation) but not free bacterial cells (Table 2), it was substi-
tuted for filtration because it permitted accurate detection of
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FIG. 1. Attachment of agrobacteria with A136 chromosome (a)
and NT1 background (b) to grape cv. Chancellor callus cells. FACH
is a grape isolate used as a positive control. Data in panel a are
means of 12 measurements from one representative experiment, and
data in panel b are means of six measurements from three indepen-
dent experiments. Analysis was performed on square root-trans-
formed data. Bars represent standard errors of the means.

the unattached bacterial cells that remained in the superna-
tant and, in turn, the number of attached bacterial cells could
be calculated.

Influence of Ti plasmid on attachment to grape cells.
Agrobacterium strains with the same chromosomal back-
ground were tested for their attachment to grape cells. A136,
a Ti-plasmidless strain, attached to grape cells poorly even
after 2 h of incubation (Fig. la). However, the strains with
the A136 chromosome, but containing pTiA6 and pTiAg63,
attached to grape cells more rapidly and in greater numbers
than A136. The differences between A136 and A348 or A136
and A854 were significant at 0.5, 1.0, and 2.0 h of incubation
(P < 0.05 by Fisher’s LSD test). The parental strain Cs8,
which has a nopaline-type Ti plasmid, also attached to grape
cells at a significantly higher level than A136 (P < 0.05).
Similarly, NT1, an analog of A136, attached to grape cells
sparingly, whereas the strain NT1 containing pTil5955 per-
mitted a significantly higher attachment efficiency than NT1
(Fig. 1b; P < 0.05). FACH, a biovar 1 grape isolate that
induces large tumors on grapevines, attached to grape cells
to a similar extent as that of the Ti plasmid-containing strain
NT1(pTil5955).

Attachment of A. radiobacter to grape cells was also
tested. A. radiobacter K84, which failed to suppress grape
crown gall, scarcely adhered to grape callus cells after 2 h of
incubation. However, another strain of A. radiobacter,

ArpL. ENVIRON. MICROBIOL.

TABLE 3. Attachment of Agrobacterium spp. to grape cv.
Chancellor tissue culture cells

% Attached
bacteria® =
SEM after 2 h of
incubation

25.97 Ab = 2.7
978 £ 2.1
95B = 1.0

pC =0

@ Means of three measurements. Each strain was tested three to five times
and gave similar results.

b Means followed by the same letter are not significantly different at P <
0.05 as determined by Fisher’s protected LSD test. Analysis was performed
on square root-transformed data.

HLB-2, which has been reported to inhibit grape isolates in
vitro and in planta (8), attached to grape cells with greater
efficiency than K84 (Table 3). FACH, as a positive control,
attached to Chancellor cells in greater numbers than A.
radiobacter HLB-2 and K84. Ag63R is a mutant of biovar 3
strain Ag63 (36) and is also highly tumorigenic to cultivar
Chancellor. It attached to Chancellor cells at the same level
as HLB-2. A5129, a mutant of A348, is attachment defective
on Zinnea leaf mesophyll cells (6). Serving as negative
controls, neither A5129 nor Escherichia coli attached to
grape cells.

Cultivar specificity of agrobacterial attachhhent to grape
callus cells. As shown in Table 4, the Ti-plasmidless strain
A136 did not attach to Catawba callus cells during 0.5- and
2-h incubation periods. The highly virulent strains FACH
and Ag63R adhered to Catawba cells after 0.5 h of incuba-
tion, and their attachment had doubled after 2 h. A. radio-
bacter HLB-2 attached to Catawba callus cells at the same
levels as the pathogenic strains.

Competitive attachment of A. tumefaciens and A. radiobac-
ter to grape callus cells and to plantlet root surfaces. Attach-
ment of Ag63R to grape callus cells was affected by HLB-2
when they were coinoculated. The virulent strain Ag63R
alone is able to attach to grape cells to about the same extent
as HLB-2 (Fig. 2). However, when coinoculated with
HLB-2, the attachment efficiency of HLB-2 did not change,
whereas the attachment efficiency of virulent strain Ag63R
was significantly reduced (P < 0.01 by LSD test) at each
sampling interval.

Competitive attachment of the two strains was also tested
on grape roots. Cocultivation with HLB-2 reduced the

TABLE 4. Attachment of agrobacteria to grape cv. Catawba
tissue culture cells

. % Attached bacteria® =+ SEM after
Strdin incubation for:
0.5h 20h
A136 0A®+0 0Y =0
Ag63R 75B = 1.0 16.0-Z = 3.6
FACH 05BC = 17 183 Z £ 3.9
HLB-2 123€+12 175Z + 1.4

@ Means of pooled data from three separate experiments with three mea-
surements per experiment.

# Means followed by the same lctter are not significantly different at £ =
0.05 as determined by Fisher’s protected LSD test. Analysis was performed
on square root-transformed data.
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FIG. 2. Competitive attachment of A. tumefaciens Ag63R and A.
radiobacter HLB-2 to grape cv. Chancellor callus cells. Datum
points are means of eight measurements from four separate exper-
iments. Analysis was performed on square root-transformed data.
The standard errors of the means are shown by bars. Symbols: O,
attachment of HLB-2 without coincubation; [J, attachment of
Ag63R without coincubation; ®, attachment of HLB-2 in the
presence of Ag63R; M, attachment of Ag63R in the presence of
HLB-2.

attachment of wvirulent strain Ag63R to Chancellor plantlet
roots (Fig. 3) during 3 h of incubation. Attachment differ-
ences in the pfesence and absence of HLB-2 were significant
at 1 and 2 h (P < 0.05) when tested by orthogonal contrasts
on log-transformed data. Reduced attachment resulting from
cocultivation with HLB-2 was also detected in grape cultivar
Chardonnay and Catawba seedling roots (data not shown).

DISCUSSION

Miracloth and Whatman filter paper have been used to
separate unattached bacteria from those attached to plant

16
—O— Attached Ag63R in the absence of HLB-2

14 1 —@— Attached Ag63R In the presence of HLB-2
12

10

Number of Ag63R cells attached
(Log cfu/square cm)

Incubation time (hr)

FIG. 3. Inhibition of attachment of A. tumefaciens Ag63R by A.
radiobacter HLB-2 to Chancellor seedling roots. Data are means of
three measurements from one representative experiment. Analysis
was performed on log-transformed data by orthogonal contrasts.
Standard deviations are shown by bars.
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cells (20, 21). In a preliminary experiment, we found that
low-speed centrifugation had no detectable effect on sedi-
menting free bacterial cells (Table 2) but could pellet grape
cells (pgrsortal observation). Hence, the bacterial cells that
attached to grape cells were readily separated from the
unattached bacteria. The agrobacterial population remained
at approximately the same level in phosphate buffer during 2
h of coincubation, with or without plant cells (data not
shown). Therefore, recovery of unattached bacterial cells
from the supernatant was an accurate reflection of the
attached bacterial cells that sedimented to the bottom with’
plant cells.

Hawes and Pueppke (16) demonstrated that a high level of
binding of A. tumefaciens (B6) was strongly correlated with
tumorigenesis in 48 plant species. However, no difference
was observed between weakly and highly susceptible plants
in adherence of Agrobacterium cells to Helianthus cotyle-
dons and to potato discs (3). The agrobacterial strains tested
in this study attached similarly to the crown gall-resistant
cultivar Catawba and the crown gall-susceptible cultivar
Chancellor (Tables 3 and 4). It would seem that, as far as
cultivar Catawba is concerned, resistance to A. tumefaciens
is not expressed at this early stage of the infection process.

A. radiobacter K84, which failed to suppress grape crown
gall infections, attached to grape cells below the limits of
detection during 2 h of coincubation. This may be another
indication of why K84 is unable to inhibit crown gall in
grapes in addition to the insensitivity of grape isolates o
agrocin 84. A. radiobacter HLB-2 adhered to ape cells at
levels similar to virulent strains and competitivfi prevented
the virulent strain Ag63R from adhering to either grape
callus cells or plantlet roots (Fig. 2 and 3). HLB-2 was also
demonstrated in planta as an antagonist against tumor induc-
tion and development (27a). It would appear that avirulent
HLB-2 may suppress tumor development by competitive
blockage, preventing the attachment of the virulent strain to
grape cells.

Genes that have been identified to control agrobacterial
attachment appear to be chromosomal (6,9, 11, 22, 24, 38).
However, there is evidence that the Ti plasmid can also
contribute to attachment (20, 31, 35, 40). In studies measur-
ing radioactivity as an indication of attachment (925, 26), a
high bacterial inoculum (10° cells per ml) had to be used to
obtain a measurable radioactive signal. This might have
increased the opportunity for bacterial interactions, such as
aggregation or clustering (22). Matthysse (23) observed that
a Ti-plasmidless strain (NT1) at high inoculum concentra-
tions attached to tobacco cells, but at low concentrations,
attachment was not apparent. Our data support that obser-
vation.

The data presented here with low bacterial and plant cell
numbers provide evidence that the Ti plasmid influences the
attachment of 4. fumefaciens to grape cells. A136, which
has the C58 chromosome, appears to produce polysaccha-
rides int smaller amounts and more slowly than the Ti
plasmid-bearing strains with the same chromosomal back-
ground, such as A348, A854, and C58 (personal observa-
tion). A136 attached poorly to grape cells during 2 h of
incubation (Fig. 1) but was able to attach to grape cells after
3 h (data not shown). It seems, therefore, that the Ti plasmid
may be critical for early attachment and subsequent trans-
formation.

The possibility that there are comprehensive differences in
attachment to grape cells between biovars 1 and 3 was not
examined specifically. We did compare a biovar 1 strain,
FACH, with a biovar 3 strain, Ag63R, both derived from



-

2576 PU AND GOODMAN

grape tumor tissue. We found statistically significant differ-
ences in attachment to Chancellor but not Catawba cells
(Tables 3 and 4). Replicated experiments with Agl62, a
biovar 3 isolate, revealed attachment percentages similar to
those of Ag63R (data not shown).

Both K84 and HLB-2 are Ti-plasmidless strains but with
different attachment efficiencies to grape cells (Table 3).
Adherence of HLB-2 to grape cells confirms that the chro-
mosome of the bacterium also plays a role during its attach-
ment to plant cells. It is likely that both chromosomal genes
and Ti plasmid genes influence attachment specificity. Pos-
sibly, they both contribute to polysaccharide synthesis,
either regulatively or collaboratively. However whxch genes
are activated may be plant dependent. r

It is also possible that attachment is: mﬂuenced by the
number of receptors exposed on the host cell surface..The
generally low percentage of attachment, 10 to 25%, for Ti
plasmid-bearing isolates and HLB-2 is suggestive of a gen-
eral paucity of sites. This seems especially likely from our
experiments, where low levels of bacteria occurred regularly
in the inocula.

ACKNOWLEDGMENTS

We thank E. W. Nester for providing some of bacterial strains.
We acknowledge S. G. Pueppke for review of the manuscript. We
are grateful to Mark Ellersieck at the University of Missouri-
Columbia, John Barnard, and Christopher M. Becker at Cornell
University for assistance in statistical analysis.

This work .wds supported in part by funds from the Missouri
Department of Agriculture, a National Science Foundation grant
under subcontract 992767 from the University of Washington at
Seattle to the University of Missouri, Columbia, and the Missouri
Grape and Wine Program, Jefferson City.

REFERENCES

1. Binns, A. N., and M. F. Thomashow. 1988. Cell biology of
Agrobacterium infection and transformation of plants. Annu.
Rev. Microbiol. 42:575-606.

2. Bohm, W. 1979. Root parameters and their measurement, p.
125-138. In W. D. Billings, F. Golley, O. L. Lange, and J. S.
Olson (ed.); Methods of studying root systems. Springer-Ver-
lag, Berlin.

3. Bouckaert-Urban, A.-M., G. Browers, L. Thoelen, and J. C.
Vendrig. 1982. Influence of a crown-gall tumor initiation en-
hancer on bacterial attachment to the host plant cell wall. Planta
156:364-368.

4. Braun, A. C. 1982. A history of the crown gall problem, p.
155-210. In G. Kahl and J. S. Schell (ed.), Molecular biology of
plant tumors. Academic Press, Inc., New York.

X 5. Burr, T. J., and B. H. Katz. 1983. Isolation of Agrobacterium

tumefaciens biovar 3 from grapevine galls and sap and from
vineyard soil. Phytopathology 73:163-165.

6. Cangelosi, G. A., L. Huang, V. Puvanesarajah, G. Stacey, D. A.
Ozga, J. A. Leigh, and E. W. Nester. 1987. Common loci for
Agrobacterium tumefaciens and Rhizobium meliloti ex-
opolysaccharide synthesis and their roles in plant interactions.
J. Bacteriol. 169:2086-2091.

7. Cangelosi, G. A., and E. W. Nester. 1987. Initial interactions
between plant cells and Agrobacterium tumefaciens in crown
gall tumor formation. Rec. Adv. Phytochem. 22:99-126.

8. Chen, X., and W. Xiang. 1986. A strain of Agrobacterium
radiobacter inhibits growth of gall formation by biotype III
strains of Agrobacterium tumefaciens. Acta Microbiol. Sinica
26:196-199.

9. Douglas, C. J., W. Halperin, and E. W. Nester. 1982. Agrobac-
terium tumefaciens mutants affected in attachment to plant
cells. J. Bacteriol. 152:1265-1275.

10. Douglas, C., W. Halperin, M. Gordon, and E. W. Nester. 1985.
Specific attachment of Agrobacterium tumefaciens to bamboo
cells in suspension cultures. J. Bacteriol. 161:764-766.

AppPL. ENVIRON. MICROBIOL.

11. Douglas, C. J., R. J. Staneloni, R. A. Rubin, and E. W. Nester.
1985. Identification and genetic analysis of an Agrobacterium
tumefaciens chromosomal virulence region. J. Bacteriol. 161:
850-860..,

12. Gambérg, O. L., R. A. Miller, and K. Ojima. 1968. Nutrient
requirements of suspension cultures of soybean root cells. Exp.
Cell Res. 50:151-158.

13. Glogowski, W., and A. G. Galsky. 1978. Agrobacterium tume-
faciens site attachment as a necessary prerequisite for crown
gall tumor formation on potato discs. Plant Physiol. 61:1031-
1033.

14. Graves, A. E., S. L. Goldman, S. W. Banks, and A. C. F. Graves.
1988. Scanning electron microscope studies of Agrobacterium
tumefaciens attachment to Zea mays, Gladiolus sp., and Triti-
cum aestivum. J. Bacteriol. 170:2395-2400.

15. Gurlitz, R. H. G., P. W. Lamb, and A. G. Matthysse. 1987.
Involvement of carrot cell surface proteins in attachment of
Agrobacterium tumefaciens. Plant Physiol. 83:564-568.

16. Hawes, M. C., and S. G. Pueppke. 1987. Correlation between
binding of Agrobacterium tumefaciens by root cap cells and
susceptibility of plants to crown gall. Plant Cell Rep. 6:287-290.

17. Jones, J. B., S. M. McCarter, and R. D. Gitaitis. 1981. Associ-
ation of Pseudomonas syringae pv. syringae with a leaf spot
disease of tomato transplants in Southern Georgia. Phytopathol-
ogy 71:1281-1285.

18. Lippincott, B. B., and J. A. Lippincott. 1969. Bacterial attach-
ment to a specific wound site as an essential stage in tumor
initiation by Agrobacterium tumefaciens. J. Bacteriol. 97:620—
628.

19. Ma, D. Q., Y. R. Lin, and W. N. Xiang. 1985. Biotypes and
plasmids type of Agrobacterium tumefaciens isolated from the
crown gall of grapevine in North China. Acta Microbiol. Sinica
25:45-53.

20. Matthysse, A. G., P. M. Wyman, and F. V. aolmes. 1978.
Plasmid-dependent attachment of Agrobacterium tumefaciens
to plant tissue culture cells. Infect. Immun. 22:516-522.

21. Matthysse, A. G., K. V. Holmes, and H. G. Gurlitz. 1982.
Binding of Agrobacterium tumefaciens to carrot protoplasts.
Physiol. Plant Pathol. 20:27-33.

22. Matthysse, A. G. 1983. Role of bacterial cellulose fibrils in
Agrobacterium tumefaciens infection. J. Bacteriol. 154:906-
915.

23. Matthysse, A. G. 1984. Interaction of Agrobacterium tume-
faciens with the plant cell surface, p. 33-54. In E. S. Dennis et
al. (ed.), Plant gene research—basic knowledge and application.
Springer-Verlag, Vienna.

24. Matthysse, A. G. 1987. Characterization of nonattaching mu-
tants of Agrobacterium tumefaciens. J. Bacteriol. 169:313-323.

25. Neff, N. T., and A. N. Binns. 1985. Agrobacterium tumefaciens
interaction with suspension-cultured tomato cells. Plant Phys-
iol. 77:35-42.

26. Ohyama, K., L. E. Pelcher, A. Schaefer, and L. C. Fowke. 1979.
In vitro binding of Agrobacterium tumefaciens to plant cells
from suspension culture. Plant Physiol. 63:382-387.

27. Panagopoulos, C. G., and P. G. Psallidas. 1973. Characteristics
of Greek isolates of Agrobacterium tumefaciens. J. Appl. Bac-
teriol. 36:233-240.

27a.Pu, X.-A., and R. N. Goodman. Am. J. Enol. Vitic., in press.

28. Pueppke, S. G., D. A. Kluepfel, and V. K. Anand. 1982.
Interaction of Agrobacterium with potato lectin and concanava-
lin A and its effect on tumor induction in potato. Physiol. Plant
Pathol. 20:35-42.

< 29. Ream, W. 1989. Agrobacterium tumefaciens and interkingdom

genetic exchange. Annu. Rev. Phytopathol. 27:583-618.

30. Roy, M., and M. Sasser. 1983. A medium selective for Agrobac-
terium tumefaciens biovar 3. Phytopathology 73:810. (Ab-
stract.)

31. Smith, V. A., and J. Hindley. 1978. Effect of agrocin 84 on
attachment of Agrobacterium tumefaciens to cultured tobacco
cells. Nature (London) 276:498-500.

32. Stachel, S. E., E. Messens, M. Van Montagu, and P. Zambryski.
1985. Identification of the signal molecules produced by
wounded plant cells that activate T-DNA transfer in Agrobac-



VoL. 59, 1993

33:

34.

35

36.

37

terium tumefaciens. Nature (London) 318:624-629.
Steel, R. G. D., and J. H. Torrie. 1980. Principles and proce-
dures of statistics: a biometrical approach, 2nd ed. McGraw-Hill
Book Co., New York.

Siile, S. 1978. Biotypes of Agrobacterium tumefaciens in Hun-
gary. J. Appl. Bacteriol. 44:207-213.

Tanimoto, E., C. Douglas, and W. Halperin. 1979. Factors
affecting crown gall tumorigenesis in tuber slices of Jerusalem
artichoke (Helianthus tuberosus L.). Plant Physiol. 63:989-994.
Tarbah, F. A., and R. N. Goodman. 1987. Systemic spread of
Agrobacterium tumefaciens biovar 3 in the vascular system of
grapes. Phytopathology 77:915-920.

Terouchi, N., S. Hasezawa, H. Matsushima, Y. Kaneko, and K.
Syémo. 1990. Observation by SEM of the attachment of 4gro-

e

ATTACHMENT OF AGROBACTERIA TO GRAPE CELLS

38.

39.

40.

2577

bacterium tumefaciens to the surface of vinca, asparagus and
rice cells. Bot. Mag. Tokyo 103:11-23.

Thoma M. F., J. E. Karlinsey, J. R. Marks, and R. E.
Hurlbert. 1987. Identification of a new locus in Agrobacterium
tumefaciens that affects polysaccharide composition and plant
cell attachment. J. Bacteriol. 169:3209-3216.

Watson, B., T. C. Currier, M. P. Gordon, M.-D. Chilton, and
E. W. Nester. 1975. Plasmid required for virulence of Agrobac-
terium tumefaciens. J. Bacteriol. 123:255-264.

Whatley, M. H., J. B. Margot, J. Schell, B. B. Lippincott, and
J. A. Lippincott. 1978. Plasmid and chromosomal determination
of Agrobacterium adherence specificity. J. Gen. Microbiol.
107:395-398.



	001.jpg
	002.jpg
	003.jpg
	004.jpg
	005.jpg
	006.jpg
	007.jpg

