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Filamentous Phages Released from Xanthomonas
campestris pv. citri
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Abstract

Two kinds of filamentous phage, named XCfl, and XCf2, were found to be released from
the living cells of Xanthomonas campestris pv. citri isolates and some of their properties were
investigated in comparison with X. campestris pv. oryzae phages Xf and Xf2.

The phages XCfl and XCf2 were releaed from the bacterial isolates N 6101-1 and
N 6107, respectively and they could attack only X. campestris pv. citri isolates. They multiplied
in a liquid medium in parallel with bacterial multiplication to reach maximum concentration
at about 10> PFU/ml. The phages XCfl and XCf2 were similar in particle length ranging
from 800 to 1100 nm. Both phages were heat resistant and survived even the treatment at
80 C for 10 min, but inactivated by the treatment with organic solvents such as chloroform,
methyl alcohol, ethylether and acetone.

Serological inactivation tests revealed that both phages were closely related each other.
Anti-XCfl serum readily inactivated the phage Xf, but anti-Xf serum did not inactivate the
phage XCfl, suggesting some relationship between the two. The phage XCf2 showed very
slight serological relationship with Xf but not at all with Xf2.

Ten isolates of X. campestris pv. citri out of 33 tested released XCfl and 4 released XCf2.

(Received June 11, 1980)

Introduction

The filamentous phages of X. campestris pv. oryzae were isolated, purified and charac-
terized in the previous papers®®. A filamentous phage from X. campestris pv. citri was
first isolated by Dai ef al.2® and some of its properties were reported. In this experiment, we
also successfully isolated filamentous phages from Japanese isolates of X. campestris pv. citri
and some of their properties were clarified. Since X. campestris pv. citri has close relation-
ship with X. campestris pv. oryzae in many bacteriological characteristics, the serological
relationships among filamentous phages released from both pathovars were investigated.

Materials, Methods and Results

Bacteria and phages

All the isolates of X. campestris pv. citri except Ku7103 and other xanthomonads used
in this experiment were furnished by National Institute of Agricultural Sciences, Tsukuba
Science City, Japan. Ku7103 was isolated from diseased citrus leaf in this laboratory.
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Media

PS medium was used for the purpose of growing bacteria and propagating of phages, the
composition of which was: decoction of 300 g of potato; NasHPO4-12H:0, 2 g; Ca(NOs)2-
4H:0, 0.5 g; peptone, 5 g; sucrose, 20 g; water 1 liter, pH 7.0. PS medium fortified with
0.6 % agar was used for plaque formation and that with 1.5 % for colony formation.

Isolation of filamentous phages

The method applied for the isolation of filamentous phage was as described in the
previous papers?:®.

The filamentous phages named XCfl and XCf2 were isolated respectively from the
culture fluids of X. campestris pv. citri isolates N 6101-1 and N 6107. The isolates of X.
campestris pv. citri N6112-a and N 6125-1 were used as indicators for assaying respective
filamentous phages XC{1 and XC{2, because the centrifuged supernatant of culture suspen-
sion of these bacteria did not produce plaque on any isolates of X. campestris pv. citri.

Both phages produced tiny plaques on the lawn of indicator bacteria as shown in Fig. 1.

Conceniration of the filamentous phages in bacterial cultures

Single colony of X. campestris pv. citri isolate N 6107 or N 6101-1 on PSA medium was
transferred to PS liquid medium and cultured on a shaker overnight at 30 C. The culture
fluid was centrifuged at 8,000 g for 15 min to precipitate bacterial cells. The precipitant
was resuspened in fresh PS medium and cultured by shaking at 30 C for 36 hr. Periodically,
0.5ml of the culture fluid was taken out, 0.1 ml of which was used for counting bacterial
population and the rest was used for plaque counting after discarding bacterial cells by
centrifugation. The plates were incubated for 24 hr for counting plaques and 72 hr for
counting colonies after plating.

Both bacterial isolates N 6107 and N6101-1 multiplied to reach maximum concentration
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Fig. 2. Bacterial growth and liberation
of filamentous phages in culture

suspension.
Fig. 1. Plaques produced by X. campestris (—O—): X. campestris pv. citri
pv. citri filamentous phage XCfl on N6101-1 and its phage XCfl
the lawn of X. campestris pv. citri CN) o X. campestris pv. citri

N6112-a N6107 and its phage XCf2
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of about 10° cells/ml and they released Table 1. Host range of the filamentous phages

respective phages XCfl and XCf2 at the XCfl and XCf2 respectively released
concentration of about 108 PFU/ml(Fig. 2). from X. campestris pv. citri N6101-1
and N6107
Host range of the filamentous Phage
Bacterm T ———— - 1%° | xcf1 | XCf2
phages .
Xanthomonas campestris pv. citri
The host range of the filamentous phages N6112-a + -
XCfl and XCf2 was tested by plaque N6114-1 + +
formation method. One ml each of the N 6125-1 + +
bacterial suspension to be tested was added N 6130 + +
with 0.01 to 0.5 ml of the adequate dilution Ku7103 +

of the suspension of phage XCfl or XCf2.  X. campestris pv. oryzae

Nine ml of PSA medium containing N 5808 - -
0.6 % agar, melted and kept at 50 C, was N'5845 B -
added, and poured into petri dishes. The §2222 _—_ :
plate was incubated at 30 C for 48 hr. N5859 _ _

As shown in Table 1, X. campestris pv. H 5800 _ _
citri isolate N 6112-a was susceptible to B-69 _ _

the filamentous phage XCfl released from
N 6101-1 but resistant to the phage XCf2
released from N 6107. The isolate Ku7103,
however, showed opposite result.  Other
isolates of X. campestris pv. citvi tested

. campestris pv. campestris - -
. campestris pv. cucurbitae - -
campestris pv. hyacinthi - -
campestris pv. phaseoli — —
campestris pv. physalidicola . — -

were susceptible, while all of the other campestris pv. pisi - -
xanthomonads tested were resistant to both campestris pv. prun - -

Mpestri . 3 - —
phages. campest z.s pv hor.dez .
campestris pv. vesicatoria — —

PUBE B B X R PN

Inactivation of the filamentous . campestris pV. vitians - -

phages by heat {ireatment and
organic solvents

Small test tubes containing 0.5 ml of the phage suspension (about 10° PFU/ml) were
dipped in a water bath the temperature of which was adjusted from 50 to 90C at 10C
intervals. After 10 min of incubation, phage activity was assayed. To test the effect of
organic solvents, 0.5 ml of the phage suspension was added to an equal volume of each
solvent, shaked at 30 C for 30 min, and the phage survived in aquous layer was assayed by
plaque count method. Since methyl alcohol and acetone were soluble in water, the mixture
was taken out for plaque counting and values obtained were doubled.

Both phages could survive even after the heat treatment at 80 C for 10 min, but they
were completely killed at 90 C for 10 min (Fig. 3).

With regard to the effect of organic solvents, all of the 4 organic solvents used in this
experiment inactivated both phages, and the effects of acetone and chloroform were much
higher than those of others as shown in Table 2.
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Table 2. Stability of the filamentous phages
XCf1 and XCf2 in organic solvents

ki M XCfl XCf2
c
E PFU/ml PFU/ml
s None 3.9x10° 1.2x10°
@
Methyl alcohol 9.8x10% | 4.0x108%
Ethylether 3.3x10° 1.4%X10°
50 60 70 80  90C
Fig. 3. Inactivation of filamentous phages by Acetone 0 0
heat treatment at respective tempera-
tures for ten minutes. Chloroform 0 0
(—@—) : XCf1 O XCf2

Morphology of the filamentous phages

Both phages XCfl and XCf2 were purified by the same method as in the case of Xf*
and Xf2, the filamentous phages of X. campestris pv. oryzae. The purified preparations
obtained by sucrose density-gradient centrifugation were mounted on carbon coated grids,
and stained with 2 % uranyl acetate solution. Observations were carried out with JEM-
100 S electron microscope (Fig. 4).

From the length distribution histograms shown in Fig. 5, it will be concluded that the
lengths of the particles of both phages XCfl and XCf2 are almost similar, ranging from 800
to 1,100 nm.
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Fig. 5. Length distribution histograms
Fig. 4. Electron micrographs of the purified of filamentous phages XCf1 and
XCfl phage. XCf2.
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Serological relationship of the filamentous phages

The anti-phage sera were prepared by injecting partially purified phage suspensions of
XCfl, XCf2, Xf and Xf2 to rabbits 6-7 times at 4 days interval. Seven days after the final
injection, antisera were obtained by ordinary procedures. The cross-neutralization test was
conducted according to Adams’ methods®. The results are shown by K values in Table 3.
The antisera prepared against the phage XCfl neutralized not only both phages XCfl and
XCf2 but also X{f released from X. campestris pv. oryzae as well. Neither anti-XCfl nor
anti-XCf2 serum, however, inactivated another filamentous phage X{2 of X. campestris
pv. oryzae. The anti-XCf2 serum neutralized both phages XCfl and XCf2 and slightly
inactivated the phage Xf. Anti-X{ serum could inactivate XCf2 very slightly but not
XCf1 at all.

These results of serological tests suggest that two phages XCfl and XCf2 were closely
related each other and they had a relationship with phage X{ to some extent, but not with
X12.

Distinction of phages released from X. cdmpestris pv. citri isolates

The phages released in the culture fluid from many isolates of X. campestris pv. citri
were detected by using X. campestris pv. citri isolates N 6112-a, N 6114-1, N 6125-1, N 6103
and Ku 7103 as indicators. If the plaques appeared on the plate of indicator bacteria, single
plaque isolation was carried out and was enriched by inoculating to the susceptible bacteria.
The distinction of the phages thus propergated was made in terms of host range and sero-
logical properties. The methods applied for these experiments were as the same described
above.

As shown in Table 4, 10 bacterial isolates out of 33 tested released the phages similar
to XCf1 in host range and 4 released the phages similar to XCf2. All phages released
from X. campestris pv. citvi were inactivated by both of XCfl and XCf2 antisera.

Table 3. Serological relationships among filamentous phages of X. campestris pv. citvi
and pv. oryzae

) Phage X. campestris pv. citri phage X. campestris pv. oryzae phage
ﬁﬁlatéé serum XCf1 XCf2 Xf X£2
XCf1 1637% 162 1118 0
XCf2 144 173 9 0
Xf 0 5 1482 0
X2 0 0 0 67
a) K value

Table 4. Frequency of X. campestris pv. citri isolates releasing the filamentous
phages XCfl and XCf2

Number of X. campestris E;Z%al iggg&esr Orfe})ezcs?ci Number of bacterial | Number of bacterial

pv. citri isolates tested XCfl or XCF2 isolates released XCfl | isolates released XCf2

33 14 10 4
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Discussion

Two kinds of filamentous phage, XCfl and XCf2, released from X. campestris pv. citri,
could not infect any xanthomonads other than X. campastris pv. citri. When the phage-
producing bacteria were cultured shaking in liquid medium, the concentration of these
phages reached to 10° PFU/ml with bacterial growth. This concentration was higher than
that of the filamentous phages of X. campestris pv. oryzae, X{f and Xf249,

No remarkable difference was observed between the phage XCfl and XCf2 in response
to the treatments by heat and organic solvents. Even by the heat treatment at 80 C for
10 min, some of both phages survived. Both of them were susceptible to organic solvents
as in the case of Xf and X{Z.

Dai et al.? isolated a filamentous phage from an isolate of X. campestris pv. citri in
Taiwan and designated as Cf. They reported that Cf and Xf were closely related each
other in serological properties. Two phages XCfl and XCf2 isolated from Japanese isolates
of X. campestris pv. citri were closely related each other in serological neutralization test.
However, serological relationship of these phages to X{ was not complete, 7. e., anti-XCf1
serum inactivated Xf but anti-X{f serum did not XCfl. In the same serological tests with
the phages XCf2 and Xf and their antisera, K values were very low in heterologous
combinations in comparison with those of homologous combinations. Both XCfl and XCf2
were serologically different from Xf2.

These results suggest that the phages XCfl and XCf2 isolated in our experiment seem
to be different from Cf reported by Dai et al®.

Among 33 isolates of X. campestris pv. citri tested, 14 produced filamentous phages.
All of these phages were inactivated by both anti-XCfl and anti-XCf2 sera, suggesting that
they belonged to either XCfl and XCf2. By testing host range of these phages, it was
clarified that 10 isolates released XCfl and the other 4 released XCf2.
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Xanthomonas campestris pv. citvi @E’_—LE?‘“% WHER 7 » — &
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Xanthomonas campestris pv. citri 7> B IR T 5 ZEEOBHER 7 » — oiest LT XCfl & XCf2
LEEL, FRODEMEMEEEY X, campestris pv. oryzae D7 » — 2 Xf B IO X2 L HEF U
MHRE Uiz, 7 7 — v XCfl & X0 XCf2 1L 2h Zhmlik N6101-1 3 X0 N6107 2 bk X, 5
BRFOBSEEITE LTH 10°PFU/ml IKE L, ZhbBD 7 » — 20k X. campestris pv. cityi DR% 15
T ENTE, ERCHE Lo xanthomonads BEIIET 2 LN TEeh ol M7 » — P ORTOEX
LIEIEE UT 800~1,100nm THh -7, M7 v — SIXENC S L CHBIWEE T, 80C, 10HMME Lk
AREEERHERE L O, LL, Zrrkil A, 2FATLa—A, =FLlz=—F1, 7k vVEDOEK
BT X > TELEShic, M7 » — PORIMBIHEEC ARG E R L, MEFHCEERBERCH S
LB BT ot o, Hi XCIl MEL Xf # BB REL LI, LazL, Mk Xf gk XCfl
HUTIEE S REMERE RIS ot XC2 & X & ORI MBI B ARG biie s,
XCfl BI O XCf2 & Xf2 & OMiciimBEFERBERILEED b d ol R L X, cam-
pestris pv. citri 33BMER, 10D XCfl %, Fi- 4Bk XCF2 %4 Lic,
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