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uMMAi{\' \\'c nave isolated three phages of Fibi'10 paidh"cmob, 11'ct, s from different
sourres and investigated some of their properties. The phages \\, ere named v6,

v12 and \, 14

The phages are different in PIaque morphology, host range, phage yield and
serological character. Physical and chemical studies showed that v12 and v14
phages are ITormal in many characters tested but v6 is abnormal. The high \, is cosit
of the concentrated preparation, the high sensitivity to sonication and the 10\\, densit
of \, 6 phage suggested that it is filamentous. This suggestjolt was confirmed b ,
preliminary electroi\ microscopy

INTRODUCTION

kibi. !'o paidhaemob, tictis is the most widespread
of known pathogenic agents causing food-
poisoning in Japan, particularly in the summer
(FullN0,1951 ; SAI<AZAi<I at a/., 1963). The
classification of strains of Pt'brio pdrahnemob, -
ticws based on O antigen and K antigen has
already been established by SAKAZAKi (1965).
\\re \\, ished to extend the classification by means
of phage typing. Thus, \\, e attempted to
Isolate and characterize bacteriophages of F1'brio
paidhQei"o111/2'CNS. The present paper describes
our results \\, ith three phages.

A, IATERIALS AND A1ETHODS

I. Bttcieiih/ $11 o, 115

Ten pilot strains of O antigei, and 32 pilot strains
of K antigen of '16/10 painh"enjo/yti'c, ,s \\. ore used
as indicator strains for bacteriophage detection
TITese strains \\ ere also used for detection of Iysogenic
phages. \\'e found that K 11, K 12 and K 2 strains
of '16/10 pal ahoe, ,, o4.11'c!, s can be indicator strains
for tl, e isolated phages v 6, v 12 and v 14, respec-

For propagation of these phages, the sameti\'el\

indicator strains were emploved
For ITost range studies of the three phages, the

following bacteria \\, ere used : PI'61 10 par@hne, ,101y-
tict!s, Heiberg's \, ibrios (5 strains), Cardner and
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Venkatraman's vibrios (6 strains), Pi'671'0 metch, ',,,'how^,
non-agglutinative vibrios (NAG) (5 strains), PI'671'0
spp. (3 strains), PI'671'0 ring"1'11@ri, ," (2 strains), F1'brio
I'chthyoder"11'3 (2 strains), PIbrio costico!"s, 1'^^, 1'0
pi'sc, '"", \, ar. lopo, ,,'CMs (2 strains) and Photobacter, '14n,
spp. co strains). These strains were kindly supplied
by Dr. R. SAKAZAKi.

2. Bacteriophages

The isolation and propagation of phagcs of Vibrio
pal'@h@e"101yti'ci, s from a single PIaque, and PIaque
assay, were carried out as described by ADAMs
(1959)

Phages were propagated in bacteria \vhicl\ were
grown exponentialIy in 3% NaCl broth and resus-
pended in 0.5% NaCl broth at a final concentration
of 3 x 10'1ml. The bacteria were inoculated \\. ith a
phage multiplicity of 2 to 3 and the infected cultures
continuously shaken at 37'C for 3 to 5 hours. Then
the phage Iysates were centrifuged at 9,000 rpm for
15 minutes (Kubota, type 1<R-6L) to remove the
bacteria and debris

The supernatants were centrifuged at 30,000 rpm
(Spinco L, No. 30 rotor) for 60 minutes. The re-
SUIting pellets were resuspended in M1200 phosphate
buffe, (pH 7.2) or MiloO tris buffer (pH 7.4) and
further clarified by low speed centrifugation

3. Phnge ant, 'sera

Antisera against the isolated phages were prepared
in rabbits as described by ADAMs (1959). The K
value of the antisera was estimated and the cross

neutralization was tested according to Adams' me-
thod

Beckman L 2 ultracentrifLige (SW 50 rotor). Frac-
tionation was carried out by collecting salnples of 4
drops each from the bottom of the centrifuge tube.
The infectivity of each fraction was assayed by piaque
count. The density of each fraction was calculated
from the refractive index as measured by a Hitachi
refractometer, type PR-AB, and the OD, ,, of a ten
fold dilution of eaclt fraction was measured in a

Beckman DU spectrophotometer

6. Son, 'cat, 'or,

Phage samples (2xlOBpfu*!inIsuspendedin 0.596
NaCl broth) were sonicated (Ohtake Model 5205,
20 1<c) and, at intervals, aliquots were removed and
assayed for PIaque forming units

4. Med, h

The bacteria were grown in 3 % NaCl broth
polypeptone (Daigo Eiyo Chem. Co. , Japan) 10 g,
meat extract (Kyokuto Seiyaku Co. , Japan) 5 g,
NaC1 30 g in distilled water 1,000 inI. The pH
was adjusted to 8.0 with I N NaOH. The phages
were propagated in 0.5% NaCl broth (of the same
composition as 396 NaCl broth except 5 gin NaCl).
For PIaque assay, 0.5% NaCl broth containing 1.59t
and 0.7% agar were used as bottom and soft agar
layers, respectively.

5. CSCl dells, Iy gr@the, ,t centrjf, ,g@t, 'on qf the it Dinted
phnges

Appropriate volumes of saturated CSCl were
added to partially purified phage suspensions and
centrifuged at 38,000 rpm for 20 hours at 5'C in a

7. Ultrati, 'o1et lyradrot, 'o11

2.5 inI of phage suspensions (2 x 10'pfu!inI in
Mi200 phosphate buffer) were poured into Petri
dishes of 9 cm diameter and irradiated in the dark

with tiltraviolet light, 50 cm from the lamp (National
GL 10). At intervals, aliquots were removed and
assayed for pfu

8. Heat tiedtmeiit

Phage suspensions (3 ~9 x 10'pfujml in 0.5 yn
NaCl broth) were heated in a water bath at 60'C
for various periods and assayed for survival. The
heat stability of phage v 6 at 70'C to 100'C was
examined under the same conditions

RESULTS

I. 1301atz'0" of three phages
Phage v12 was isolated on the K12 strain

of PI'6720 par"haonzob, tz'CMs from a fecal sample
obtained from a patient suffering from food
poisoning.

Phage v14 was isolated on the K2 strain
from a summer sample of coastal sea water.

Phage v 6 was produced spontaneously at a
level of 103~104 pfulml from the culture su-
pernatant of strain K 2 of ,. parch@on o6, tzt"s.

In this paper, studies of phages v6, v12 and
v 14 are described. These phages were pro-
pagated on K 11, K 12 and K 2 strains, re-
spectively, and their yields are usually 10LL
pfujml for v 6, 10' pfujml for v 12 and lore
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pfu inI for v14, under the conditions employed.

2. The pinq"e morphology of the ph@ges
The PIaque of phage v6 on the Kll in-

dicator strain was turbid and I~1.5 mm in

diameter. The PIaque of v12 on the K12

indicator strain was 3 ~ 4 mm in diameter, and
surrounded by a large halo. The PIaque of
v14 on the K2 indicator strain was turbid and

I ~ 2 mm in diameter. These PIaque in orpho-
logies are shown in Fig. I.

-A

FIGURE I F1aque morphology of the three phages v6, v12 and v14
(A) phage v6 on strain Kll (B) phage v12 on strain K12

3. The host range of the ph@ges
The host range was examined by spotting

ten-fold dilutions of the three phage Iysates
on a bacterial agar layer. As shown in Table
I, the host ranges of the three phages are
different. Among the various bacteria tested,
besides 1'267z'o par@h@emob, tz'cars, only one strain
of Photob@cte, i"in sepia was sensitive to phage
v14.

Of 32 pilot strains of K antigen, twenty
strains are sensitive to phage v6, thirteen
strains to phage v12 and seven strains to phage
v14. Therefore phage v6 has the widest host
range. Six strains are insensitive to all three
phages.

,

-B

4. Ph@ge t! 6 productz'0" tit 37!Iected cult"re
A culture of K I I bacteria in 3 ' NaCl broth

,

was grown with aeration at 37 C to a concentra-
tion of 2xlO' cells inI. The cells were col-

Iected by centrifugation and suspended in
0,5', NaCl broth and divided into 2 parts.
One part was infected with phage v6 (multi-
PIicity 5) and left for ten minutes in room
temperature, then the antiphage serum was
add. d a ^ 1,000 in foal dilution) and loft for
5 minutes. The cultures were centrifuged and
the cells were suspended in 0.5% NaCl broth
at the concentration of 2 x 10' cellsjml. In-
cubation was carried out for 6 hours with

shaking and the optical densities of the cultures
and pfu in the culture supernatants were me-
asured periodically. As shown in Fig. 2, the
optical densities of the infected culture were
never decreased but increased more slowly
than the uninfected culture. The pfu in
super natant also increased logarythmically.

(C) phage V14 on strain K2.
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TABLE I HOJ! yangc of Ihe Ihi',, Ihag, J

Bacterial
strain tested
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FIGURE 2 Phngc v 6 production in infected culture
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5. lilactzbati'on of the phages by Up 11.1'adi'allo, I
Fig. 3 shows the results of the inactivations

of the phages by ultraviolet. The mactiva-
tions of v12 and v14 phages follo\\, a one hit
curve, v12 being more sensitive. 01\ the other
hand, the inactivation of v6 follows a multi-hit
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+++

~-.

+++
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curve whose final slope is less than that ob-
served for v12 and v14.

6. Tile sei. o10gi'crr/ chinac/ei. of the phnges
The 1< values of antiphage sera against

hornologous and heterologous phages are shown
in Table 2. Table 2 indicates that the three

phages are serologically different from one
another. Since phage v6 I\as a presumed
filamentous form (to be discussed), phage v6
was treated with an anti-filamentous phage
serum (antiserum against Psewdomon@s phage
pf, kindly supplied by Prof. TAI<EYA of Kyushu
Universtty, 1<580 for pf ; dilut, d to 11100)
but no neutralization was observed. The con-

verse cross reactioiT was performed by Prof.
TAKEYA and no neutralization of phage pf was
observed by phage v6 antiserum (TAKEYA,
1966).
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(Fig, . 4 and 5). Th. high therm. ambillq, of
phage \, 6 raises the quest 101T \\. bether the phage
is of a filamentous structure, because filament-
ous phages are 1<no\^n to be highly thermostable
(HOFFMANN-BERLINC at a/., 1963 ; BRADLEY,
1964). If phage v6 is filamentous, the inul-
tihit 1<inetics of L'V inactivation of the phage
can be explained in terms of the facility of the
filamentous structure to aggregate. Thus, we
examined the sensitivity of the phage to sonica-
tion, and the density of the phage in comparison
with the other two phages, because filamentous
phages are knowiT to be \, ery sensiti\, e to sonica-
tion and to have a relatively 10\\' density (Zi:<-
DER, 1963 ; HOFFMANN-BERLING at a/., 1963 ;
BRADLEY, 1964 ; SALi\, AR, 1964).
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7. T/I"'?Mai 2ndctzbntt'o11 of the phages
when \, 12 and v14 phages \\, ere heated at

60'C, their survival decreased linearly, as
sho\^n in Fig. 4. However, v6 is completely
resistant to heating at 60'C for 80 minutes
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8. Se"sth'zit'ty of the Ih@ges to 30/11'catz'o11
Fig. 6 shows the inactivation curves of the

phages by sonication. Phage v12 is most
resistant to sonicatioiT and its survival Is 10~'

after 180 seconds of treatment. Phage v14
is more sensitive and its survival is 10~' after

180 seconds of treatment. Phage v 6 is most
sensitive and decreases to 10~4 with the same

treatment. This high sensitivity of the phage
v6 to sonication is consistent with the concept
that phage v6 is filamentous.

9. lilacti?;at20" of ph"ge , 6 by chloroform
we usually had stored these phage suspen~

sions in cold room over chloroform. But, pfu
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of phage v6 marked Iy reduced in this condi-
tions, so the following experiments were carried
out.

To the 2 inI of phage suspension (3 x 10'
pfujml in 0,596 N, Cl nut"rent b". th) 0.06 inI
of chloroform was added and stoppered, then
incubated at 37'C with occasional shaking. At
intervals, samples were renioved and assayed
for pfu. As shown in Fig. 7, phage v6 was
sensitive to chloroform.



10. Dellsi'izes of tile phages 111 CSC/
Figs. 8.9 and 10 sho\\, the patterns obtained

from CSCl density gradient centrifugation of
preparations of \, 6, \, 12 and v14. For each
phage, the peak of the infective units coincides
clearly \\, ith that of the absorbancy at 260 in, !!.
The figures show that the densities of v6,
v12 and v14 are 132.1.53 and 1.48, respec-
tively. Further we note that for \, 6 (Fig. 8)
the value of the absorbancy at 260 in, If is rela-
tively small in spite of its high titer of pfu in
the peak of the distribution. This result
suggests that the ITUcleic acid content of phage
v6 is relatively small. This, as \\, ell as the
10\\' density of v6, agrees \\, ith the hypothesis
that phage v6 is filamentous. The densities
of v12 and \, 14 phages coinparable to
those of other tadpole-shaped bacteriophages
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11. 7'11e 7111ckic ac, 'ds of 0 6 and o14 PI^Qges
Nucleic acid \\, as extracted from v6 and

v 14 phages. A phage v 61ysate \\, as brought
to pH 4.0 \\, ith concentrated acetic acid and
after standing for I hour, the Hocculating
material \\, as collected by centrifugation at
7,000 rpm for 30 minutes (Servall, Type GSA
rotor). The sediment \\. as suspended in ATj200
pho^phat* buffer (pH 7.2) and duly^. d .von
night against the same buffer. The crude
phage suspnension was salted out \\, ith am-
monium sulfate in 2516 of the final concentra-
tion at O'C and \\, as centrifuged at 9,000 rpm
for 15 minutes (Kubota). The precipitate was
dissolved in Mj200 phosphate buffer and dialys-
ed against the same buffer. The dialysate

1010

Fraci!o:1 number

,

- n, oin, ,

10s

.^

20 25
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was centrifuged at 15,000 rpm for 30 minutes
and the super natant was centrifuged again at
30,000rpm for 2 hours (Spinco L, No. 30
rotor). The pellets were suspended in the
phosphate buffer. The phage v 6 suspension,
thus purified, \\, as extremely viscous. The
final preparation was incubated with DNase
(50 Aglml) and RN"^, (50 Ag!in I) in th, pre
^, n. , of MgCl, (MISOO) for 3 h. urs. Th.
suspension was dialysed against the phosphate
buffer and clarified by centrifugation at 10,000
rpm for 20 minutes. Sodium dodecyl sulfate
was added to the super natant to a final con-
centration of 0,596 (pH 8.0 adjusted with I
N NaOH) and heated at 60'C for 15 minutes.
Then the phage v 6 nucleic acid was extracted
with phenol according to Her shey's method
(1960), precipitated by the addition of 2 volumes
of ethanol, and dissolved in M120 phosphate
buffer.

The phage v 14 nucleic acid was extracted
by the same method from a partially purified
phage preparation (2. of Materials and Me-
thods), but \\, ithout using sodium dodecyl
sulfate.

Diphei\ylamine and orcinol reactions were
used for the qualitative determination of DNA
and RNA. Positive diphenylamine reactions
by the nucleic acids extracted from the two
phages revealed that the phages contain DNA.
Orcinol reactions of the nucleic acids were

negligible. If there is any RNA, the RNA

content is less thaiT 516 for each of the two
phages.

The hyper chromicity as a function of tern-
perature for phage v14 DNA is shown in
Table 3 ; the absorption of v14 DNA remains
almost constant until 80'C and then increases

abruptly. These results suggest that v 14
DNA is of a double-stranded nature.

DISCUSSION

we have isolated 3 phages of Fibr^'o p", "hae-
mob, tic!, s. Physical and chemical studies of
these phages showed that the v12 and v14
phages are normal in many characters tested
and v6 is abnormal. Electron-microscopic
studies of these phages, though incomplete,
indicate that v12 and v14 phages are tadpole-
shaped and v6 is filamentous. The ui\usual
multiple hit curve in UV irradiation, the high
thermal-stability, the high sensitivity to sonica-
tion, the low density and the high viscosity of
the concentrated preparation of phage v6,
all agree with the in orphological data and in-
dicate that v6 is filamentous ; furthermore,
preliminary studies on the hyper chromicity of
v6 DNA suggest that the DNA of phage v6
is single stranded. These properties \\, ere
observed in other filamentous phages, although

mentioned all four characteristicsno report
(HorscHNEiDER, 1963 ; HOFFMANN-BERLING
at a/., 1963 ; ZiNDER at of. , 1963 ; BRADLEY,
1964 ; SALIVAR at Q/., 1964 ; TAKEYA and
AMAK0,1966). The high yield of phage \\, ith-
out Iysis of the host cells in broth, as seei\ in
v6, was also reported for other filamentous
phages (HOFscHNEiDER, 1963 ; }10FFMANN-
BERLINc and MAzt, 1964 ; BRADLEY, 1964 ;
TAKEYA and AMAK0, 1966). The multi hit
curve of v6 by UV-irradiation can be explained
by the occurrence of aggregates of filamentous
phages.

\\re found that phage v6 is sensitive to
chloroform, while v12 and v14 are resistant.
it is known that the other filamentous phages,

TABLE 3 The effect of heatt'"g at I'"drcnted
ten, pernl"I. es 101. 10 mint, tes on the absorbance
at 260 '11/1 of o14 DAI, 4

'I'Teatm ent

None

70'C

80'C

90'C

100'C

The suspending medium
(xij45, pH 7.4)

E 260

O. 610

0610

0680

0810

0810
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Increment

percent
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32.8
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I\{ 13 (HOFscH>:EIDER, 1963), fd (HOFFMANN-
BERLi\G at "/., 1963), f I (ZixDER at "/., 1963)
and ZJj2 (BRADLEY, 1964) of ESCheii'chia coll
are all male-specific, except phage pf of Pse!,-
doll!onin dell4g!', 10s@ (TAKEYA and AMAK0,1966).
The sex dependency of phage v6 remains to
be determined.

The \\. Ide host range of phage v6 is interest-
ing. The biological properties of filamentous
phages, such as penetration into the host cells
and liberation from the host cells, and their
fine structures not yet kno\\'n. Studies on
these problems are in progress.
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