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Effect of Infection with Filamentous Phage
Xf on the Growth, Ultrastructure and
Virulence of Xanthomonas campestris

pv. oryzae N 5850
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Abstract

Effect of infection with filamentous phage Xf on the growth, ultrastructure and
virulence of Xanthomonas campestris pv. oryzae N 5850 was investigated. The growth of
Xf-infected bacteria was considerably retarded at 30 C as compared with that of uninfected
bacteria. The Xf-infected bacteria, however, rapidly multiplied from 36 hr after infection
to almost the same level of concentration as reached by uninfected cells after 72 hr of
incubation. The infected bacteria could grow even at 35 C to some extent, while uninfected
bacteria could not. Electron microscopic observation of the ultrathin sectioned Xf-infected
bacteria grown at 30, 33.8 and 35C revealed that a number of vesicles exist on the cell
surface. Some remarkable changes in the intracellular structures, viz., lack of uniformity
in distribution of both ribosomes and fibrils in nucleoid area were observed in the
Xf-infected bacteria. Xf-infection caused the bacteria to produce a greater amount of
extracellular polysaccharide and to increase virulence.

(Received April 26, 1982)
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Introduction

Two filamentous phages, Xf and Xf 2, were isolated from culture fluids of Xanthomonas
campestris pv. oryzae isolates and some of their properties were made clear?®®,

In the previous paper?, the effect of infection with Xf2 phage on the properties of
host bacteria was reported. The multiplication of X. campestris pv. oryzae N 5850 at
30 and 33.5 C was retarded by infection with Xf 29, The Xf 2-infected bacteria, however,
reached the same or higher concentration level as compared with uninfected control
later on®. At 35C, the Xf2-infected bacteria could grow to some extent, while
uninfected bacteria could not?. The Xf2-infected bacteria incited severe symptom
on rice leaves earlier than uninfected bacteria®. To make clear whether such changes in
bacteriological properties of host bacteria caused by filamentous phage infection are
specific for each kind of phage or not, similar experiments with another filamentous
phage X{f were carried out.
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Materials

Bacteria and phage. X. campestris pv. oryzae N 5850 used in this experiment
was furnished by the National Institute of, Agricultural Sciences, Tsukuba, Ibaraki,
Japan. This isolate was susceptible to both filamentous phages Xf and Xf2, and
pathogenic to rice leaves?. The filamentous phage Xf was originally isolated from X.
campestris pv. oryzae N 5828 in our laboratory, and preserved at —40 C after freeze-
drying. To enrich phage Xf, the phage suspension was aseptically added to the medium
inoculated with X. campestris pv. oryzae N 5850, and shake-cultured for 48 hr at 30C.
The culture fluid was centrifuged at 10,000xg for 20 min. The supernatant was
treated at 60 C for 20 min to kill residual cells without killing X{f phage and used as
enriched phage suspension. The phage titer of this suspension was about 5x10° PFU/ml.

Medium. Bacteria were grown in Suwa’s synthetic medium® (Na-glutamate 2g,
MgClz-6H20 1g, KeHPO4 0.1g, Fe as EDTA salt 1mg, sucrose 5g, peptone 10g, distilled
water 1 litter, pH7.0).

Methods and Results

Effect of Xf-infection on the growth of host bacteria
X. campestris pv. oryzae N 5850 was cultured in Suwa’s synthetic medium over-
night. The bacterial suspension was diluted with the same medium to adjust optical
density at 450 nm to 0.02. Nine ml each of the diluted bacterial suspension was cultured
with a temperature gradient incubator after addition of 1ml of the phage suspension.
Uninfected bacteria were also cultured
5 simultaneously as a control. 0.4ml each
of culture suspension was taken out at
12 hr intervals, diluted twice with distilled
water to measure its O. D. at 450 nm.
The growth of bacteria infected with
X{f phage was considerably retarded at
30C as compared to that of uninfected
bacteria. The infected bacteria, however,
rapidly multiplied to a level close to the
concentration of uninfected bacteria at
72 hr after infection. The Xf-infected
bacteria could grow even at 35C to some
extent, while uninfected bacteria could
not.
Hours after infection Ultrastructure of the host bacteria
Fig. 1. Effect of Xf infection on the growth infected with Xf

of X. campestris pv. oryzae N 5850 at
different temperatures.

Absorbance (450 nm)

Xf-infected and uninfected bacteria
were cultured simultaneously at 30, 33.8

——(O—— Uninfected cells (30C) . ;
,,,,,, - Infected cells (30C) and 35C with a temperature gradient
— [ uninfected cells (35C) incubator. After 72 hr of incubation, the

------ [J-+++ Infected cells (35C) culture fluids were centrifuged at 8,000
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x g for 10 min. The precipitated bacteria were resuspended with 2 % agar solution,
fortified and cut into small pieces. These specimens were doubly fixed with buffered
2 % glutaraldehyde solution and 2 % osmium tetraoxide solution. After dehydration
with graded series of ethanol, they were embedded in Epon 812. Ultrathin sections
prepared with Porter-Blum microtome were stained with uranyl acetate and lead citrate,
and observed under the electron microscope JEM 100S.

Many vesicles different in size were observed on the cell surface of the Xf-
infected bacteria grown at 30, 33.8 and 35 C (Plate I-1b, -1¢, -2b, —2¢, -3b, -3c). The
envelope of large vesicles appeared to have originated from the cell wall of the infected
bacteria (Plate I-1¢) but the origin of the small vesicles was unknown. The structural
changes in the cell wall of Xf-infected bacteria were severer than those in Xf 2-infected
bacteria. In the sections of uninfected bacteria grown at 30C, many fibrils were
uniformly scattered in the electron less dense nucleoid (Plate I-1a), while in many X{-
infected bacteria the fibrils in nucleoid were assembled to from bundles (Plate I-1b,~1c).
Electron density of cytoplasm of Xf-infected bacteria grown at 30C and 33.8C was
ununiform, i.e., it was very high in some areas but extremely low in other areas (Plate
I-1b, —1c, —2b, —2¢). The structures with irregular shape of about 50-100 nm in diameter,
which were composed of multiple layers, were observed frequently on or adjacent to
the cell surface of Xf-infected bacteria grown at 35C. Among these unusual structures,
only small vesicles were also rarely observed in uninfected bacteria grown at each
temperature.

Effect of Xf-infection on the virulence of host bacteria

The Xf-infected and uninfected bacteria were shake-cultured simultaneously in
Suwa’s liquid medium for 3 days at 30 C. Both bacterial suspensions, the concentration
of which was adjusted to show an O.D. (450nm) value of 3.5, were inoculated to the
central part of rice leaves (variey Kinmaze at six leaf stage) at both sides of midrib
by single needle pricking. The inoculated plants were incubated in a greenhouse at 25—
30C. Length of the lesions was measured at 7, 9 and 13 days after inoculation.

As shown in Table 1, the mean length of the lesions caused by Xf-infected bactria
was always about two times greater than that caused by uninfected bacteria.

Effect of Xf-infection on the productivity of extracellular polysaccharide
- The X{-infected and uninfected bacteria were inoculated to Suwa’s medium to show
O.D. (450nm) value at 0.05, and shake-cultured at 30C. Two ml of the culture
suspension was taken out every day and

Centrifuged at 10’000)(g for 20 min' Table 1. Effect of Xf-infection on the
virulence of X. campestris pv.
oryzae N 5850

Ethanol (70% final concentration) was
added to the supernatant. The resulting

precipitate was collected by centrifugation, Days after inoculation
dissolved in distilled water, and dialyzed Inoculum 7 9 13
against distilled water. Distilled water
was added to the dialyzed crude extra-
cellular polysaccharide (EPS) solution to
fill up to the original volume. The amount

of EPS was determined by phenol sulfuric

Xf-infected bacteria 3.3 5.7 23.5
Uninfected bacteria 1.7 2.5 12.3
Ratio 1,94 2.28% 1,919

a) Mean length of the lesions
b) Significant at 1% level
acid on the basis of glucose standard. The ¢) Significant at 5% level
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concentration of bacteria was expressed
by O. D. (450 nm) of double diluted culture
fluid.

EPS content per unit O.D. of culture
suspension of Xf-infected bacteria was
always higher than that of uninfected
bacteria (Fig. 2).

Discussion

Log (ug glucose equivalent/2ml of culture filtrate/0.D.)

£
; The properties of X. campestris pv.
;: oryzae N 5850 were remarkably changed
g by infection with Xf phage. Although
< . . . .
3 the bacterial growth at 30 C was inhibited
§ initially by Xf-infection, the infected
< . . ..
bacteria rapidly multiplied to reach almost
Days the same concentration as thatof uninfected
Fig. 2. Bacterial multiplication and production bacteria by 72 hr incubation. Thus the
of extracellular polysaccharide (EPS) effects of Xf-infection on the growth of
of Xf._mfe‘:ted an‘;‘;;‘;gfe‘:ted X. cam- the bacteria at different temperatures
12 . ..
pestris pv oryaae were almost similar to those of Xf2-
—@— Xf-infected cells . . X ” )
) Uninfected cells infection?. Besides, the bacteria acquired
EPS of Xf-infected cells tolerance to higher temperatures, viz.,
EPS of uninfected cells Xf-infected bacteria could multiply even

at 35 C.The fact that the growth retarda-
tion at 30 C caused by Xf-infection was more intense than that caused by Xf 2-infection
may explain the phenomenon that plaques produced by Xf on the plate seeded with X.
campestris pv. oryzae N 5850 were clearer than those produced by Xf 2.

The intracellular changes caused by Xf-infection were more remarkable than those
caused by Xf2-infection. The vesicles were observd with higher frequency on the cell
surface of the Xf-infected bacteria than on that of Xf-infected bacteria. The size of
the vesicles was quite different from one another. The large vesicles having a diameter
of more than 0.5 ym were observed frequently in Xf-infected bacteria, but not in Xf 2-
infected bacteria. The envelopes of large vesicles were originated from the cell wall
of the infected bacteria but the origin of the envelope of small vesicles was still
unknown. The development of mesosomes and multiple membrane structures inside
bacterial cells was reported with E. coli infected with ZJ/2 phage®, but not in X.
campestris pv. oryzae infected with X{. Thus, X. campestris pv. oryzae N 5850 changed
in its properties to be able to grow at higher temperatures, to produce greater amount
of EPS and to show higher virulence by infection with Xf or Xf2 phage. Similar
changes in virulence were also confirmed with two other isolates of X. campestris pv.
oryzae which were susceptible to Xf and Xf2 phages. These results suggest that at
least some of the changes in properties of host bacteria associated with phage infection
are a common phenomenon caused by infection, multiplication and release of filamentous
phages.
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Explanation of Plate

Plate I.
Electron micrographs of the ultrathin sectioned Xf-infected and uninfected cells of X. campestris
pv. oryzae N 5850 cultured at different temperatures for 72 hr.
1a) Uuinfected bacteria cultured at 30 C.
1b) Xf-infected bacteria cultured at 30 C.
1¢) Do.
2a) Uninfected bacteria cultured at 33,8 C.
2b) Xi-infected bacteria cultured at 33.8 C.
2¢) Do.
3a) Uninfected bacteria cultured at 35 C.
3b) Xf-infected bacteria cultured at 35 C.
3¢) Do.
(Bar: 250 nm)
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