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SOME PROPERTIES OF THE PHAGE OF THE CORYNEBACTERIUM
DIPHTHERTAE PARK WILLIAMS NO. 8 STRAIN?
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Department of Tuberculosis Research I, Research Institute for Microbial Diseases,
Osaka University, Yamada-kami, Suita, Osaka

(Received February 8, 1971)

A recent discovery by Maximescu (1968) of
indicator strains (C. ulcerans strains 9304 and
298G) for the phage of the well-known Park
Williams No. 8 (=PWS8) strain of C. diphtheriae
has made it possible to study the nature of the
PWS8-carried phage, whose knowledge would
facilitate the approach to the problem of the
phage-host relationship in diphtheria toxino-
genesis in this unusually highly toxinogenic
organism. In her study (1968), Maximescu
revealed the spontaneous liberation, by all the
substrains of the PW8 strain tested, of phage
which was active against the particular C. ul-
cerans strains described above. She also show-
ed the host-range activity, plaque morphology
of the phage and the converting ability to
toxinogenesis. This communication briefly de-
scribes some other profiles of the PW8 phage :
the inducible nature of the prophage, the mor-
phology of the phage released and its serological
property, which is distinct from those of clas-
sical tox* corynebacteriophages of the 8 group.
The bacterial strains employed were a sub-
strain (Biken) originally derived by single colony
1solation from another substrain (Toronto-Har-
vard) of Corynebacterium diphtheriae Park Wil-
liams No. 8 strain (Park and Williams, 1896),
1 This work was reported at the 22nd Annual Meet-
ing (Kansai District) of the Japan Bacteriological
Society at T'su, on September 28, 1969.

a nonlysogenic nontoxinogenic strain C7(—) of
C. diphtheriae (Barksdale and Pappenheimer,
1954) and the two C. ulcerans strains, 9304 and
298G, kindly provided by Drs. Saragea and
Maximescu. Modified Pope’s medium (Yo-
neda and Matsuda, 1961) was used for the
PWS and two C. ulcerans strains, PGT medium
(Barksdale and Pappenheimer, 1954) for the
C7(—) strain. The conditions for growing
these organisms and other experimental condi-
tions are given in the legends to the accompany-
ing figures. The phage techniques employed
were as described by Adams (1959). Plating
bacteria for phage assay were prepared as fol-
lows; the C7(—) and C. ulcerans 9304 (or
298G) strains were grown in each medium con-
taining 0.3 pg Fe** per ml, the cells were
harvested from actively growing cultures (3x
108 cells/ml) by centrifugation. A well homo-
genized suspension containing about 109 cells
per ml was made by shaking the packed cells
vigorously with glass beads in an appropriate
small volume of fresh medium. Aliquots of
0.1 ml of the homogenized suspension were
applied to tryptose agar plates and phage was
assayed as plaque forming units (PFU).

Fig. 1 shows plots of the numbers of infec-
tive centers of a PW8 culture on a lawn of C.
ulcerans strain 9304 as a function of the dose of
ultraviolet light. As can be seen, appropriate
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UV-irradiation caused a marked increase in the
size of the phage-producing fraction of the
PW8 culture. This clearly indicates the in-
ducible nature of the PW8-carried phage. Un-
der the conditions employed, the optimal dose
of irradiation for induction was about 100 sec
and at this dose some three hundred-fold in-
crease in the number of infective centers (2 X
108/ml) was observed. On the other hand,
even after irradiated with this optimal dose
only partial lysis was observed on incubation at
33 C with gentle shaking for 5 hr. The lysate
obtained was assayed for free phage on C. ul-
cerans lawn and was found to contain 1.5x 108
plaque forming units per ml. Calculation re-
vealed that the induction rate was very low
(about 1.49,) but the average burst size (56) was
comparable to both that on UV-induction of a
normal lysogenic C7 (8) strain and on infection
of the C7(—) strain with nonlysogenizing phage
g2784 (Matsuda and Barksdale, 1967), suggest-
ing strongly the non-defective nature of the
PW8-carried phage. The plaques formed by
the phage (tentatively designated here as ) on
C. ulcerans lawns were all small and turbid as
described by Maximescu (1968).

Plating of a UV-lysate of the PWS$ strain on
a C7(—) lawn gave a few occasional plaques
(Barksdale, 1959 ; Miller et al., 1966 ; Maxi-
mescu, 1968) and these were also small. The
phage in the UV-lysate responsible for the for-
mation of these few plaques was tentatively
designated as ,. Phage w, was purified by
extensive single plaque isolations on C7(-—)
lawns on which phage @ cannot produce pla-
ques. The purified preparation formed pla-
ques on C. ulcerans lawns only at very low ef-
ficiency (about 10-2 of that on C7(—) lawns).

Electron micrographs of the two corynebac-
teriophages, @ and B*"% negatively stained
with uranyl acetate, are shown in Figures 2 (a)
and 2 (b). Fig. 2 (a) is a preparation of phage
o from an irradiated culture of the PW8 strain.
The material for electron microscopic examina-
tion was a lysate containing 1.5 x 10° PFU/ml
prepared by the method described in Fig. 1
without procedures such as ultracentrifugaiton
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and resuspension which could affect phage mor-
phology. As seen in the photograph, the pre-
paration of phage o consisted almost entirely
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Ficure 1. Induction of the PWS$ strain of Coryne-
bacterium diphtheriae with ultraviolet light. Cells of
the PW$& strain were grown overnight in Pope’s medium
containing 0.7 pgironfml to a final OD of 1.0 (1.3 x 10°
cellsiml). The cells were diluted in the same medium
containing 0.3 pg ironfmlto OD 0.1 and incubated with
shaking (160 rotations{min) at 35 C and allowed to
grow to OD 0.3. Then 5 ml aliquots of culture were
irradiated in Petri dishes under a Toshiba 15 w
germicidal lamp (GL—15) at a distance of 45 cm.  Sam-
ples of 0.7 ml were taken at intervals and after appro-
priate dilution were plated in the dark on tryptose agar
using C. ulcerans, strain 9304, as indicator cells for
assay of infective centers. For preparing a phage lysate
containing a high titer of free phage, after irradiation
for 100 sec under the conditions described above, the
cells were chilled and centrifuged in the cold and the
packed cells were resuspended in one-tenth of the original
volume of fresh medium. Then they were centrifuged
and 5 ml aliquots were incubated in shielded 100 ml
Erlenmeyer flasks with gentle shaking (130 rotations/|
min) at 33 C for 5 hr. The yield of free phage from the
original irradiated culture was calculated by dividing
the yield of free phage thus obtained after concentration
by 10.
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