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Characterization of phage ¢L7 and transfection of Xanthomonas
campestris pv. campestris by the phage DNA
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Abstract. A virulent phage, ¢L7, which specifically infects Xanthomonas campestris pv. campestris
was isolated. This phage is tadpoled-shaped, having a hexagonal head that measured 60 nm in diame-
ter and a noncontractile flexuous tail that averaged 10 x 180 nm. It is stable at temperatures between
4°C and 70°C, but inactivated at pH lower than 4.0. It possesses a double-stranded DNA of approximately
37 kb as determined by the sum of restriction fragment length. Since the transformation system of X.
campestyis has not yet been established, we tried to work out the appropriate conditions starting with
transfection. In this study, we found that treatments with Tris-hydrochloride containing CaCl, and
polyethylene glycol 6000 rendered the cells competent, and the transfection frequency obtained was
approximately 1.2 x 10® plaque-forming units per ug phage ¢ L7 DNA.
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Introduction

The usefulness of bacteriophage is several fold. In
molecular biology, bacteriophages per se are interest-
ing life systems (Luria ef al., 1978); also, they offer a
way to develope cloning vectors (Zinder and Boeke,
1982). In plant pathology, phage typing is useful for
studying the occurence and distribution of lysotypes of
causal bacteria (Liew and Alvarez, 1981b).

Relatively little information is available concern-
ing the phages that attack Xaenthomonas campestris pv.
campestris (for short X. campestris), the pathogen caus-
ing black rot in crucifers (Williams, 1980) and the
industrial microorganism for xanthan gum production
(Jeanes, 1974). Sutton et al. (1958) described a phage
that attacks numerous Xanthomonas including X.
campestris. Sutton and Quadling (1963) reported a tem-
perate phage that specifically attacks X. campestris
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and lysogenizes the host cells. Tseng and Lo (1986) iso-
lated a filamentous, single-stranded DNA phage that
specifically infects X. campestris without lysis and is
able to integrate its genome into the host chromosome
(Tseng et al., 1989). Virulent specific phages for X.
campestris have been reported by Watanabe ¢t al.
(1980) and Liew and Alvarez (1981a). However, none
of the X. campestris phages has yet been developed as
cloning vector. ‘

In this report, we describe the isolation and charac-
terization of the virulent phage ¢ L7 for X. campestris
and the procedures for transfection with the phage
DNA.

Materials and Methods

Bacteria, Media and Cultivation

Xanthomonas campestris pv. campestris 11 has been
described elsewhere (Yang and Tseng, 1988). X.
campestris pv. orvzae and X. campestris pv. phaseoli
were obtained from S. T. Hsu. X. campestris pv. citri
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was obtained from W. C. Wu. Bacteria were all cul-
tured in LB medium (Miller, 1972) with vigorous shak-
ing (280 rpm) at 28°C. XOL medium (Chu and Tseng,
1984), a basal salt medium, was used as the suspending
buffer for bacteriophage and bacterial cells.

Isolation of Phage L7

Phage ¢L7 was isolated from the soil collected in
a garden where cabbage showed black rot symptoms.
10 g of the soil was added into 40 ml of exponentially
growing culture of X. campesivis 11 in LB medium.
After overnight incubation at 28°C, the culture fluid
was centrifuged at 10,000 x g for 10 min. The super-
natant was shaken with chloroform (109 v/v) and test-
ed for phage by applying a drop of the aqueous fluid on
the LA plate containing X. campestris 11 as the indica-
tor host. The clearing spot was picked and suspended
in XOL medium and then purified by three sucessive
single-plaque isolations.

Plaque Assay

The double-layered plate method described by
Adams (1959) was adopted for plaque assay. One tenth
ml of a phage sample, after appropriate dilution with
XOL medium, together with 3.5 ml of molten LA soft
agar (0.75%) containing 0.5 ml of an overnight culture
of X. campestris 11 was poured onto an LA agar plate.
After overnight incubation at 28°C the plaques that
appeared were counted.

Test of Host Specificity

To test the susceptibility of different hosts to the
phage L7, a double-layered plate was made as de-
scribed above, except that the individual host was in-
cluded in each plate and the phage was spotted onto the
surface of the plate. Clearing zone indicated a positive
result.

Preparation of Phage ¢L7 and Phage DNA

The protocol used to prepare the phage $1.7 DNA
was previously described by Fu and Tseng (1990). The
host for propagation was X. campestvis 11.

Ewnzymes and Restriction Digestions

Restriction endonucleases, DNase, S1 nuclease,
RNase and proteinase K were purchased from BRL
(Besthesda Research Laboratories) and used according
to the instructions provided by the supplier.
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Agarose Gel Electvophoresis

DNA fragments were electrophoretically separat-
ed on 0.7% agarose gel with TAE buffer (40 mM Tris-
acetate, pH 8.0, containing 2 mM EDTA-Na,) as de-
scribed elsewhere (Maniatis ef al., 1982).

FElectron Microscopy

For electron microscopic observations, the ¢L7
was purified by two sucessive block gradient according
to Miller (1972). The purified phage sample was
stained with 19§ uranyl acetate and examined with a
Hitachi Hu-11A electron microscope.

Transfection

Thirty ml of X. campestris 11 cultured in LB at
early log phase (0.6 unit of OD at 550 nm) was harvest-
ed and washed once with 250 mM Tris-HCIl, pH 7.5 at
4°C. The cell suspension was centrifuged immediately
at 8,000 x g for 5 min at 4°C and resuspended in 50 mM
Tris-HCl1, pH 9.0 containing 100 mM CacCl,, then in-
cubated at 25°C for 30 min. The cells were pelleted and
resuspended in 1 ml of XOL medium, and then kept on
ice and used immediately. To a 1.5 ml eppendorf tube,
were added in order 400 ul of the cells and then 2 ug of
the ¢L7 DNA in 200 x! TE buffer (10 mM Tris-HCI,
pH 8.0 and 1 mM EDTA-Na,) and 400 1 of 409 poly-
ethylene glycol (PEG) 6,000 in 100 mM Tris-HCI, pH
7.2. The mixture was incubated on ice for 30 min and
moved to 35°C for 2 min. Subsequently, 4 ml of LB was
added and followed by incubation at 28°C for 20 min.
The numbers of transfected cells were counted as in-
fective centers by double-layer assay.

Stability Tests of L7

To test the thermal stability of ¢L7, the crude
lysate (2 x 10" PFU/ml) was diluted 100-fold with
XOL medium and incubated in a waterbath at appro-
priate temperature for 10 min and then stored in ice
bath for survival assay. To test the effects of pH on the
infectivity of L7, the crude lysate was diluted
100-fold into an appropriate buffer and incubated for
30 min before the survival titer was measured. For pH
7 to 10, 50 mM Tris-HCI buffer was used, whereas 50
mM Na-acetate was used for pH 4 to 6. To test the
effects of organic solvents on the ¢ L7 infectivity, equal
volumes of a solvent and the diluted (100-fold) crude
extract were well mixed, and left standing at room
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temperature for 30 min. The survival titer was subse-

quently examined.
Results

Isolation of Phage ¢L7

From the soil of a local garden, where cabbage
showed symptom of black rot, some plaque-forming
agents against X. campestris 11 were detected. After
single-plaque isolation, one of them was isolated and
designated ¢L7. This phage could lyse a growing cul-
ture of X. campestris 11 and form clear plaques of 2-3
mm in diameter, and pass through a millipore nitrocel-
Iulose membrane filter, demonstrating the properties of
a virulent phage.

Mowphology and Host Specificity

The phage ¢L7 was tadpole-shaped, having a reg-
ular hexagonal head that measured approximately 60
nm in diameter, and a non-contractile flexuous tail
that averaged 10 x 180 nm (Fig. 1). It infected 33 Ta-
iwan isolates of X. campestris pv. campestris, but
showed no infection toward the X. campestris pv. citri,
X. campestris pv. oryzae or X. campestris pv. phaseoli
tested.

Stability of L7

The phage was stable in crude lysate and could be
stored for 6 months at 4°C. At temperatures lower than
58°C, the phage remained 100% infective for at least 10
min; at higher temperatures the infectivity declined
abruptly. At temperatures over 70°C for 10 min, the in-

Fig. 1. Electron micrograph of phage L7 stained with 1%

uranyl acetate. (x 40,000)
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The temperature effect on the stability of phage $L7.
The phage suspension prepared as described in the

Materials and Methods was incubated at various tem-
peratures for 10 minutes before survival assay.

Fig. 2.

fectivity was disappeared (Fig. 2). The phage
remained active in Tris-HCI, pH 10.0. However, it
became inactivated at pH 4.0 or lower in either Na-
acetate or Tris-HCl buffer. Chloroform and ether,
added to the crude lysate at 1:1 ratio, caused the phage
to lose about 53% and 469 of its infectivity, respective-
ly, whereas similarly added methano!l and acetone had
no effect on the infectivity of ¢L7.

The Genome of L7

The genomic DNA of ¢L7 was resistant to Sl nu-
clease, RNase and protease, but sensitive to DNase and
restriction endonucleases, indicating that the genome
was a double-stranded DN A molecule. When the DNA
was subjected to restriction enzyme digestions, distinct
patterns were revealed on a 0.79 agarose gel electro-
phoresis. Fig. 3 shows one of the representative electro-
phoretogram of such digestion products. The restric-
tion fragment lengths obtained from the digestions
with BamHI, EcoRl, EcoRV, HindIll, Ncol and Poull,
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which gave suitable pattern, were summed up and the
genomic size was calculated to be 37 kb (Table 1).
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Fig. 3. Agarose gel electrophoresis of restriction endonuclease
fragments of ¢L7 DNA digested with various restric-
tion enzymes. Lane 1 is HindIlI-digested A DNA plus
Haelll-digested ¢ X174 DNA as the molecular weight
standard. Lanes 2-5 are ¢ L7 DNA digested with EcoRlI,
EcoRl+BamHI, EcoRI+EcRV and EcoRI+ Pstl,
respectively. The fragments were separated on a 0.7%
agarose gel.
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Transfection of X. campestris by ¢L7

Two sources of hint suggested that treatments
with a combination of Tris-HCI, CaCl, and PEG might
work to induce competence in X. campestris. First, our
previous observations indicated that X. campestris pv.
orvzae released the major portion of their periplasmic
alkaline phosphatase into the medium when the cells
were treated with Tris- HCl at pH values higher than
8.0 (Chu and Tseng, 1984). Second, CaCl, and Tris-HCI,
separately or in combination with PEG, have been used
to achieve competence for some bacteria during trans-
formation procedures (Fornari and Kaplan, 1982; Taka-
hashi ef al., 1983; Sladek and Maniloff, 1983). In this
study, we found that treatments with Tris-HCl at alka-
line pH, containing CaCl, and PEG 6,000, did render the
cells of X. campestris competent to uptake the phage
DNA. Under the working conditions described in the
Materials and Methods, a transfection frequency of 1.2
x 10° PFU/ug DNA was obtaind. Several points were
noticed from the experiments. First, the PEG concen-
tration was critical. At concentrations lower than 13%
it was not effective, but concentrations- higher than 20
9% caused severe killing effect. Second, while the trans-
fection frequency increased following the increase of
DNA amount, the system was saturated when the DNA
was increased up to 2 g (Fig. 4). Third, a 2 min heat
shock at 35°C was essential to accomplish the DNA
uptake.

Discussion

In this study, we have isolated and characterized

Table 1.  Determination of the molecular weight of L7 DNA (units in Kb) from DNA fragments generated by cleavage
with restriction enzymes®®
Enzyme molecular weight of the fragments generated Total molecular weight
by restriction enzymes of the fragments
EcoRI 22,13 35.0
EcoR1+ BamHI1 15,13, 5.2, 3.0, 1.2 374
EcoRI+EcoRV 9.0, 6.6, 6.0, 5.5, 4.5, 2.0, 1.8, 1.4 36.8
Ncol 9.4, 5.3, 4.3, 4.1, 3.7, 3.5, 3.0, 2.5, 1.2, 1.1, 0.9 39.0
HindI11 6.2, 5.6, 5.4, 4.8, 4.2, 3.5, 2.8, 2.7, 1.4, 1.25, 1.05 38.9
Puull 9.4, 5.5, 3.7, 3.4, 3.2, 2.25, 2.15, 1.9, 1.0, 0.95, 0.85, 0.8, 0.7 35.8

2 The data were calculated from Fig. 3 and from the agarose gel electrophoresis not shown in this paper.
>The molecular weight of 1.7 DNA fragments were determined from their moving distance relative to those of the standard DNA

fragments (1 DNA digested with HindIll).
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Fig. 4. Effect of ¢L7 DNA concentration on the frequency of
transfection. The standard conditions described in the
Materials:and Methods were followed, except that the
amount of DNA was varied in differént tubes.

the virulent phage ¢L7. This phage attacks specifically
X. campestris (32 out of 35 strains tested) without
affecting X. campestris pv. citvi, X. campestris pv. or-
yzae, X. campestris pv. phaseoli or X. campestris pv.
vesicatoria. It possesses a hexagonal head and a non-
contractile flexuous tail as its surface structure, and a
double-stranded DNA of about 37 kb as its genome.
Specific virulent phages for X. campestris have
been reported by Liew and Alvarez (1981la) and
Watanabe ef al. (1980). Since no information was
presented concerning the size or the structure of the
genomes and antisera against these phages are not
available, comparisons between ¢L7 and these phages
are therefore difficult. The morphology revealed by
electron microscopy is the only means feasible for com-
parisons. In terms of this parameter, ¢L7 is similar to
phage A342 of Liew and Alvarez (1981a) but not the
remaining 6 phages reported simultaneously or the 3
phages described by Watanabe et al. (1980). In addition,
Liew and Alvarez (1981b) have carried out phage typ-
ing to differentiate X. campestris strains of different
geographical distributions. The observations that ¢L7
did not attack the pathovars other than campestris, and

3 of the 35 X. campestris strains were not susceptible to
¢ L7 indicate that ¢ L7 is also useful for phage typing.

Previously, attempts have been made to transform
X. campestris with plasmid DNA. Murooka et al. (1987)
reportéd that X. campestris was transformed, at a fre-
quency of 8 x 10” transformants/ug DNA, by plasmid
pBR328 (Soberon et al., 1980). However, our efforts to
use pBR322 and pBR325 (Bolivar et al., 1977; Bolivar,
1978), the isologous plasmids of pBR328, was not suc-
cessful (unpublished results). It was also shown that
conjugally transferred pSUP202 (Simon et al., 1983).
pBR325 carrying mob gene, was not maintained in X,
campestris (unpublished results). Atkins ef al. (1987)

transformed X. campestris with pKT230 and other

broad-host range plasmids using procedures similar to
those routinely used for E. coli, and frequency of 8 x
10* transformants/ug DNA was obtained. It was
noticed that DNA prepared from X. campestris, which
was descended from the DNA previously mobilized by
conjugation, gave higher frequencies of transformation
(Atkins ef al., 1987). In this study, X campestris was
transfected by ¢L7 DNA at a frequency of 1.2 x 10°
PFU/ug DNA. Considering the fact that ¢L7 DNA (37
kb) is 3.1 times the size of pKT230 (11.9 kb), our proto-
col is probably better than that used by Atkins et al.
(1987). Presumably the ¢#L7 DNA is indigenous to X.
campestris and therefore is immuned to the restriction
system, or the treatments with a combination of Tris

- -HCI, CaCl, and PEG are more effective than the CaCl,

treatment routinely used for E. coli (Saunders et al.,
1984). Although a frequency of 1.2 x 10° transfor-
mants/ug DNA is not high enough for the need of
genomic bank construction, it would be useful for deliv-
ery of cloned genes into X. campestris. Efforts are
being made in our laboratory to further optimize the
conditions towards a higher frequency of transforma-
tion.
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