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Production of exopolysaccharide and levels of protease and
pectinase activity in pathogenic and non-pathogenic
strains of Xanthomonas campestris pv. campestris
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Abstract. Xanthomonas campestris pv. campestris is the phytopathogenic bacterium causing black
rot in crucifers. A wild-type strain of X. campestris, XC11, was found to have lost its pathogenicity
spontaneously after frequent subculturing for years. This non-pathogenic derivative, designated
XC11A, was compared with its wild-type strain XC11 and a newly isolated pathogenic XC17 from an
infected cabbage leaf for some phenotypic characteristics which have previously been implicated as
factors contributing to pathogenicity. Colony morphology, growth characteristics and phage suscep-
tibility were all the same for XC17, XC11 and XC11A. The exopolysaccharide (EPS)-synthesis cap-
ability of the non-pathogenic XC11A was about 3- to 4-fold lower than those of the pathogenic
strains, whereas the levels of pectinase and protease(s) were the same in all three strains. There-
fore, our data confirm the previous report showing that correlation exists between EPS production
and pathogenesis, but do not favor the recent ones that implicating the extracellular protease and

pectinase as the factors contributing to pathogenicity.
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Introduction

Xanthomonas campestris pv. campestris causes
black rot
tremendous loss in agriculture (Williams, 1980).

in crucifers worldwild resulting in

Some products including exopolysaccharide
(EPS) (Corey and Starr, 1957; Jeans et al., 1961;
Sutton and Williams, 1970b), pectolytic, proteolytic
and cellulolytic enzymes (Knosel and Garber, 1967;
Reddy et al., 1971; Starr and Nasuno, 1967.) and
toxic metabolites (Noda et al., 1980; Perreaux et al.,
1082) produced by Xanthomonas have been at-
tributed to be factors contributing to pathogeni-
city. Daniel ef al. (1984a; b) and Turner ef al.

(1985) have recently demonstrated that, in X. cam-
pestris, simultaneous loss of exocellular protease
and pectinase was accompanied with the loss of
pathogenicity in mutant strains; and, restoration
of these enzyme activities by complementation
with cloned genes resulted in concomitant regain-
ment of pathogenicity.

X. campestris strain 11 (called XCl11 for
short), initially as a wild-type pathogenic strain,
has been used in our past studies (Pan, 1985;
Tsai, 1987; Tseng ef al., 1984; Tseng and Lu, 1986;
Tseng and Peng, 1985; Yang, 1985; S.T. Hsu, per-
sonal communication). No changes had been
noticed in those years in terms of colony morpho-
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logy, pigmentation, EPS formation, starch hydro-
lysis and sensitivity to phages. However, in a
recent study of EPS metabolism, we surprisingly
found that XC11 had lost pathogenicity when we
were trying to see the effects of the mutation
leading to non-mucoidy by comparing the non-
mucoid mutants with their parental strain XCI11.
This observation prompted us to examine some
phenotypic alterations accompanied with the loss
of pathogenicity in this non-pathogenic derivative.
Qur results on production of exopolysaccharide
and some exocellular enzymes by this non-
pathogenic strain, compared with those produced
by its wild-type XC11 and other pathogenic strain,
seem not to coincide with the data reported by
Daniels ef al. (1984b), but rather

previously reproted data showing the correlation

confirm the

of exopolysaccharide production with pathogenicity
(Sutton and Williams, 1970b).

Materials and Methods

Bacterial Strains, Phage and Conditions of Cultiva-
tion. ‘

X. campestris pv. campestris 11 (XCll) was a
wild-type strain received from Dr. S.T. Hsu, and
has been routinely used in our laboratory for
several years. Stock culture was kept on L agar
slant (Miller, 1972) at 4°C. A strain designated
XC11A was a non-pathogenic mutant derived
spontaneously from XCl11. Strain XC17 was newly
jsolated in our laboratory from infected cabbage
leaf by using SX agar (Schaad and White, 1974),
and verified by some tests colony
morphology, electron microscopy, starch-, pectin-

including

and casein- hydrolyzing activities, phage sensitivity
and pathogenicty.

Virulent phage 0L7, which infects X. campesiris
specifically, was isolated from a local garden soil and
has been described previously (Tseng ef al., 1984).
28°C.
Vigorous shaking was needed for liquid cultures.

Bacterial cultures were incubated at

L broth and L agar were routinely used for
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cultivation of the bacterium. For some measure-
ments, the chemically defined medium, XOL (Tseng
et al., 1983), was used to grow the cells. Unless
otherwise described, carbon sources were added to
a final concentration of 20mM of six carbon
equivalent. For example, when glycerol or sucrose
was needed, 40 mM and 10 mM, respectively, were
added. Four-carbon compound was calculated as a
three-carbon compound. 0.1262; tryptone was sup-
plemented as an organic nitrogen source to the
XOL medium when needed.

Electron Microscopy

For electron microscopic observation, the bac-
terial cells grown overnight were stained with
uranyl] acetate (2%) and examined under Jeol
JEM-200 CX.

Pathogenicity Test

Overnight cultures grown in L broth were
used as inocula for pathogenicity test. A pair of
sterilized scissors were dipped into the culture
(ca. 5x10% cells/ml) and then used to make a cut
of about 1cm from the leaf edge toward midrib

of 2-week old potted cabbage seedlings.

Assay of Exocellular Enzymes

Crude exocellular enzymes were prepared by
removing the cells after centrifugation of the
cultures at 10,000 Xg for 10min at 4°C. Activity
of a-amylase was assayed as previously described
(Tseng and Peng, 1985) by following the release
of reducing sugars, using maltose as a standard.
Protease activity was measured by determination
of acid-soluble material hydrolyzed from casein.
The assay mixture of 2.0 ml contained 25 mM Tris-
HCI buffer (pH 8.3), 0.25% casein and crude culture
fluid of an overnight culture (16 h) as the enzyme
source. The mixture was incubated at 37°C and
terminated after 10 min by adding cold tri-
chloroacetic acid to 5% final concentration and
keeping in ice for 30 min. The acid-soluble fraction
was recovered by centrifugation at 10,000x g, for
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15 min at 4°C. Then 3.0ml of 0.5N NaOH was
added to obtain an alkaline pH. The product was
then measured by Lowry method (Lowry et al,
1951) using tyrosine as a standard. One unit of
enzyme was defined as the amount that released
one pmole tyrosine per min.

Pectinase activity was measured according to
the method described by Keen et al. (1984). The
reaction mixture of 3ml contained 1ml of 0.75%
sodium polypectate, 1ml of 3 mM CaCl,, 0.5 ml of
0.2M Tris-HCl, pH 8.0 and 0.5ml of culture fluid.
The reaction was carried out at 30°C for 5min.
The unsaturated uronide released was monitored
by following the increase of OD at 235nm. A
conversion factor of 1.73 OD at 235nm unit per
pmole was employed to calculate the amount of
uronide. One unit of enzyme was defined as the
amount that released one gmole uronide per min.

Other Measurements

Cell growth was followed by reading OD at
550 nm. Amont of exopolysaccharide was prepared
and measured as described elsewhere (Lin and
Tseng, 1979).
method of Lowry ef al. (1951) using crystalline
Phage
susceptibility was tested by dropping b5 al (2X10%
pfu/ml) of phage BL7 (Tseng et al., 1984) on a
double layered LA plate wite bacterial cells in the

Protein was determined by the

bovine serum albumin as standard.

top agar. Cleared zones appeared if the host cells
were sensitive to the phage.

Results

Characterization of X. campestris pv. campestris

A strain produced yellow-pigmented, mucoid
colonies with strong starch-hydrolyzing activity
on the selective medium SX agar (Schaad and
White, 1974) were freshly isolated from infected
cabbage leaf. The strain was designated X. cam-
pestris 17, or XC17 for short, and characterized
in this study. Firstly, characterization of this
new strain was carried out using wild-type
strain XC11 as a control. The colony motphology

of both XC7 and XCll were the same—yellow,
glossy and mucoid on an agar plate. When the
cells were examined under a transmission electron
microscope, typical short rod cells with polar

monotrichous flagellum were observed (Fig. 1).

Fig. 1. Electron micrograph of X. campestris pv. campestris
XC17 (magnified 14,400 x ).

The cells of XC17 grew well in either L broth
or XOL medium (Tseng et al., 1983) supplemented
with an appropriate sugar. A generation time of
25 h, which was very close to that of XCll, was
calculated when the cells were grown in XOL
containing 20 mM glucose and 0.12525 trypton. Using
the XOL agar containing a sugar to test the
bacterial cells’ ability to grow, it was found that
the patterns were the same for both XC17 and
XCl11. In summary, the growth was the the best
on sucrose, glucose and galactose, good on starch,
maltose, xylose and fructose, and poor on lactose
and glycerol, while no growth was found on suc-
cinic acid.

Finally, phage susceptibility test showed that
XC17 was sensitive to the infection of #L7, a
specific phage for X. campestris, which was pre-
viously isolated using XC11 as the indicator host
(Tseng et al., 1984).

Pathogenicity
When XC11, XC11A and XC17 were inoculated
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onto the leaves of obvious

cabbage,
caused by the

non-pathogenic

young
in the
pathogenic and

difference symptoms
strains was
XC11 and XC17
caused a typical chlorosis, resulting in a yellowing
and then browning of the area around the cut,
while XC11A caused no symptom at all. Neither
mutant derivatives of XCI1A,

including three non-mucoid mutants, one rough

observed within two weeks.

did the wvarious

mutant, and one pigmentation mutant (white).
The symptoms shown on the lower righ-hand side
of Fig. 2 are the typical ones caused by pathogenic
strains.

Fig. 2. Typical symptoms caused by strain XCl11 or XC17
of X. campestris pv. campestris in a cabbage
leaf.

Exopolysaccharide Formation

Formation of exopolysaccharide (EPS) by
X. campestris is prominent. On an agar plate, it
turns the colony watery, and in a liquid medium
renders the culture fluid viscous. XC11, XC11A and
XC17 appeared

similar in having the watery
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colony morphology and the extremely viscous
culture fluid. Accumulation of the EPS in a liquid
culture was found to reach its maximum after
about 24 h—a few hours after onset of the station-
ary phase. Essentially no difference was observed
among XC11, XC11A and XC17 upon the time
course of EPS accumulation. However, significant
differences were found in the amounts of EPS
produced by the three strains. As shown in
Table 1, XC17 and XCI11 produced about the same
amount of EPS which wag almost three times that
produced by XCll1A. When the EPS-producing
capability was expressed as ug EPS per ug
protein, the values were 13.8, 9.5 and 3.4 for XC17,
XC11 and XC11A, respectively; those for the
pathogenic XC11 and XC17 were 2.8- and 4.1-fold,
respectively, higher than that for the
pathogenic XC11A.

non-

Table 1. Exopolysacchavide formation by X.
campestris pv. campestris

Exopolysaccharide was prepared from cultures at 24 h.

Strain g EPS/ml pug Protein/mi #gpfz(iii/gg
XCl11A 3274.3 978.5 3.4
XC17 9308.6 676.9 13.8
XC11 9300.6 980.5 9.5

Levels of Exocellular Enzymes

It has been documented that X. campestris
possesses starch-, casein- and pectin-hydrolyzing
activities (Bradburg, 1984; Starr and Nasuno, 1966).
We have previously purified and characterized the
a-amylase of XCll as an exocellular enzyme
(Tseng and Peng, 1985), while characterization of
the protease and pectinace from this strain has
not been reported. In this study, we were able to
assay the exocellular activities of protease and
pectinase in the culture fluid of X. campestris, in
addition to the previously described a-amylase.
in Table 2. The
activity of protease and pectinase in the three

The results are summarized

strains were at the same level, while the a-amylase
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Table 2. Levels of a-amylase, protease and pectin-
ase in X. campestris pv. campestris

Cells were grown in XOL medium plus 0.125% peptone
supplemented with 0.12 starch, 0.124 casein or 0.527 sodium
polypectate, respectively, for induction of a-amylase, pro-
tease and pectinase. For measurements of pectinase and
protease activities, the cultures were harvested at 16 hr to
obtain the crude enzyme (exocellular fraction), wherease
the crude enzyme for e-amylase assay was from 48hr
cultures. Enzyme assays were carried out as described in
Materials and Methods. Enzyme levels for «-amylase,
protease and pectinase are expressed as wmoles maltose,
tyrosine, and uronide, respectively, per mg cellular protein
per min.

Strain a-amylase Protease Pectinase
XC11A 4.4 0.12 1.31
XC17 16.9 0.14 1.70
XC11 6.4 0.11 1.89

levels in XCl11 and XC17 were approximately
1.5- and 4-fold, respectively, higher than that in
XC11A.

Discussion

The newly isolated strain designated XCI17
was identified as a strain of X. campestris based
on colony morphology, pigmentation, flagellation,
starch hydrolysis, phage sensitivity and pathogeni-
city. The reason for us to obtain a new strain
directly from the natural environment was that
in a recent experiment, we surprisingly found that
the XC11 we used for the past studies had Jost
pathogenicity when we tried to compare the
virulence of this strain with its derivative mutants
of cell surface alteration. So, a pathogenic strain
was thus needed in hand for our research on this
bacterium as a phytopathogen.

Daniels ef al. (1984a) have recently obtained
non-pathogenic mutants of X. campestris by using
transposon (Tnb) mutagenesis. The mutants were
found to possess much recuced levels of protease
and pectinase activities. By cloning the wild-type
tests they have

genes and complementation

jdentified at least two gemes in a cluster that
specify pathogenicity; and introduction of the
cloned genes to the mutants caused a concomitant
restoration of the pathogenicity (Daniels, 1984b;
Turner, 1985). These findings interested us to see
if the loss of pathogenicity in XC11 was resulted
from similar alterations in exocellular enzyme
levels. The data of enzyme assay showed that
the protease and pectinase activities in the non-
pathogenic and pathogenic strains are quite close
(Table 2). These results, therefore, do not agree
with the above mentioned observations by Daniels
et al. (1984b) showing the concomitant loss of the
pathogenicity with the level reduction of these
two enzymes.

Information concerning the role of amylase
activity as one of the possible factors causing
pathogenicity is not available. In this study, we
measured the a-amylase activity merely because
of the ease to assay, and found that XC11A has
an enzyme activity which was 15- and 4.0-fold
lower than XCl1 and XC17, respectively. Whether
a 1.5- to 4-fold reduction in this enzyme contributes
an important part to the loss of pathogenicity
needs further investigation. We have cloned the
a-amylase gene from XCI11A in Escherichia coli,
which can be transferred conjugally back to
X. campestris. When mobilized into XC11A, approx-
imately 6-fold increase in enzyme activity was
detected (Tsai, 1987). A clone which carries gene
specifying protease activity has also been obtained,
and elevation of enzyme activity in XCl1A was
also detected (unpublished data). All these over-
production clones will be used for pathogenicity
test. More light may be shed upon the roles these
exocellular enzymes play in pathogenesis in the
near future.

The production of EPS has been associated
with virulence in several plant pathogenic bacteria
(Ayers et al., 1979; Corey and Starr, 1975; Eden-
Geen and Knee, 1974; Gorin and Spencer, 1983;
Husain and Kelman, 1985; Misaki ef al., 1962;
Strobel, 1977). These polysaccharides are thought
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to be involved in xylem plugging which decreases
vascular flow and thus implicated as an early and
important event in lesion development (Sutton and
Williams, 1970a). Also, it has been suggested that
the production of EPS may interefere with plant
which other
bacterial surface component such as lipopolysac-
charide (Sequeria and Graham, 1977). The in vitro
EPS-producing capability of pathogenic XC17 and
XC11 are 4.1 and 2.8-fold higher than that of non-
pathogenic XC11A. These data confirm the cor-
relation of virulence with EPS formation in

defenses involve recognition of

X. campestris reported previously (Sutton and
Willams, 1970b). We have recently cloned EPS
synthesis genes from XCll. The expression of
these genes are being evaluated. Preliminéry data
showed that in XCl11A carrying the cloned genes,
the EPS formation is much elevated (Yang ef al.,
1987). Whether the elevation of EPS formation is
accompanied by restoration of pathogenicity will
be tested. If the results are positive, then the
role X. campestris EPS plays in pathogenesis will
be further confirmed.
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FE XA FELBRE Xanthomonas campestris pv. cam pestris
A~ ERBREARGRST FBESAE GRERE B S

%W R ¥ AR
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Xanthomonas campestris pv. campestris B-HFIERREBITR 2 HEHE o X EREFB0RS B4k XC11
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