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SHORT COMMUNICATION

SOME PROPERTIES OF THE pHAGE OF THE COR YAIEBrlCTER/UM

DIPHTHERIAE PART< \VTLLiAMS No. 8 STRAIN}

MORIHIRO AllATSUDA, CHIE 1<ANEl and ATASAHIKO YONEDA

Department of Tuberculosis Researcll I, Research InstitLite for Nilcrnbinl Diseases,
OSakti University, Yamada-kami, Suita, Osaka

(Recciv, d F. b, ua, y 8,1971)

A recent discovery by lv'laximescu (1968) of
indicator strains (C. if/ce, .ans strains 9304 and
298G) for the phagc of the \\, ell-knowi\ Park
williams :*;. 8 (-PW8) st""in of C. of, >I^Ih, ,,,'",
has made it possible to study the nature of thc
P\V8-carried phagc, \\. hose knowledge would
facilitate Ihc approach to the problem of the
phage-host relationship in diphtheria toxino-
gcncsis in this unusually highly toxinogenic
organism. In Iler study (1968), A1aximescu
rcvealcd thc spontaiTeous liberation, by all the
SLibstrains of the P\\'8 strain tested, of phage
whicli \\, as activc against the particular C. I, !-
cord, !s strains described above. She also show-

ed the ITost-range activity, piaque morphology
of thc phagc and the converting ability to
toxinogenesis. This communication briefly dc-
scribes some other profiles of the P\\:8 phagc :
the Inducible nature of the prophage, thc in or-
phology of the phage released and its serological
property, which is distinct from those of clas-
siCal tox' corynebactenophages of the , group.

The bacterial strains employed \\, erc a sub-
strain (Biken) originally derived by single colony
ISOlatioiT from another substraiii (Toronto-Hat-
vard) of Gory, ichncterii, "I of4^fithei. !'ae Park \\;jl-
Iiams No. 8 strain (Pant and \\11/11ams, 1896),
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a nonlysogcnic nontoxinogcnic strain C7(-) of
C. dinbhthei'!'ae (Barksdale and Pappenhcimcr,
1954) and the t\\ o C. 111cei. ", is strains, 9304 and
298G, kindly provided I)y Drs. Saragca and
A'laximescu. A'Iodined Pope's incdium (Yo-
I\cda and I\Iatsuda, 1961) \\, as used for thc
P\Vs and to o C. illcei uns strains, PCT medium
(Barksdalc and Pappcnhcimcr, 1954) for thc
C7(-) strain. 'FITc conditions for growing
thcsc organisms and other experimental condi-
tions arc givcn in the jugcnds to the accompany-
Ing figures. 'Thc phagc tccltniqties employed
w. re us d. ,."Ib"d by Aham, (1959). Plating
bactcria for phagc assay \\, CTC prepared as fol-
lows ; the C7(-) and C. litrei'alls 9304 (or
298G) strains \VCrc gro\\. IT in each incdiuin con-
taining 0.3 11g FC" per in I, thc cells \\, CTC
harvested from actively growing CLIltures (3 x
10' cellsj'inI) 13y centrifugation. A well horno-
genized suspeiisioiT containing abotit 10' cells
per in I \\. as madc by shaking thc packed cells
vigorously witli glass beads in ai\ appropriate
small volume of fresh medium. A1iquots of
0.1 inI of thc nomogcnized suspension \\ ere
applied to tryptosc agar plates and phagc was
assayed as PIaque foiming units (FFU)

Fig. I sho\^s plots of the numbers of infoc-
tive centers of a P\\:8 culture on a lawn of C

ulcer a?!$ sti. am 9304 as a ftinction of the dosc of

ultraviolet 11gl\t. As can be sccn, appropriate

I This \\, on< was reported at tlte 22nd Annual :\{eet-
ing (Kansai District) of the Japan Bacteriological
Society at Tsu, on September 28,1969
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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
1061ml) was observed. On the other hand,
even after ITradiated with this optimal dose
only partial Iysis was observed on incubation at
33 C with gentle shaking for 5 hr. The Iysate
obtained was assayed for free phage on C. ul-
cera"s lawn and was found to contain 1.5 x 108

PIaque forming units per in I. Calculation re-
vealed that the induction rate was very low
(about 1.4%) but the average burst size (56) was
coinparable to both that on UV-induction of a
normal Iysogenic C7 (,) strain and on infection
of the C7(- ) strain with nonlysooenizing phage
,h, 64 (Matsuda and Barksdale, 1967), suggest-
ing strongly the non-defective nature of the
P\V8-carried phage. The PIaques formed by
the phage (tentatively designated here as co) on
C. ulcer@"s lawns were all small and turbid as

described by Maximescu (1968)
Plating of a UV-Iysate of the P\V8 strain on

a C7(-) lawn gave a few occasional PIaques
(Barksdale, 1959 ; Miller et a1. , 1966 ; Maxi-
mescu, 1968) and these were also small. The
phage in the UV-Iysate responsible for the for-
mation of these few piaques was tentatively
designated as co, . Phage o, , was purified by
extensive single PIaque Isolations on C7(-)
lawns on which phage co cannot produce pia-
ques. The purified preparation formed PIa-
ques on C. ulcer ans lawns only at very low ef-
ticiency (about 10~' of that on C7(-) lawns).

Electron micrographs of the two corynebac-
tenophages, o1 and ph, 64, negatively stained
with uranyl acetate, are shown in Figures 2 (a)
and 2 (b). Fig. 2 (^) i^ ^ preparation of phag,
in from an ITradiated culture of the PW8 strain.

The material for electron microscopic examina-
tion was a Iysate containing 1.5 x 10' FFUjml
prepared by the method described in Fig. I
without procedures such as ultracentrifugaiton

and resuspension which could affect phage in or-
phology. As seen in the photograph, the pre-
paration of phage co consisted almost entirely
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FIGURE I. Indi, ctio, , of the Pry8 stya, ',, of Cory"e-
bacteri"in diphtheriae arith 211tro",'okt jigl, t. Cells of
the Ply8 st, '"in were g, o20n ower, ,ig/, t lit Pope's medit, in
containi, ,g 0.1 Ag iro"jin! to aji, ,@! OD of I. 0 (1.3 x 709
cellsjm!). The cells arere d, Juled in the same 711edr"in
coritnh, i?!g 0.3 F1g ironl?,,! to OD 0. I @11d 1'71ctibated 2411'th
shukihg (160 rotationsjmt', I) at 35 C a"d allo"ed to
groan to OD 0.3. Them 5 ?"I ajiq, ,ots of cult"re 00ere
ir, nat@ted ill Petri of, ^hes 2411der a Toshiba 15 00

germicidal Iru"p (GL-15) at a d, stance of 45 cm. Sani-
PIes of O. I ?"I alere token at inter"@13 a"d ofte, appro-
printe of, TMt, 'o71 were plated i, , the dark o72 till^ptose agar
usi?, g C. nicerans, st?@i?, 9304, us i, ,cheato, cells for
assay off, !Iectiue centers. For prep"ri"g aphagelys@te
cor, tai, I*Ig a for^h titer o1/7ee ph@ge, ofte, fry@at@tio?,
for 700 sec MMder the cowdit, 'o71s described @600e, the
cells toere cht71ed a?, d cent, if"ged i, ! the cold @?, d the
packed cells were yesMspe, Ided, ,, o11e-tenth of the origi, ,@!
Do Jarme o1/7esh ?"eat"in. Then they 00ere centny"ged
@72d 5 in! atiqwots 20ere I}, calb@ted ,}z shztlded 700 ?"!
Erle?!meyer flasks colth gentle shaking (130 ? of atto, ,$1
min) at 33 CIOr 5 fry. The yield o1/7eeph@gel, o711 the
original ary@dr@ted car!t, ,re cons cairn!ated by diti, 7thg
the yield o1/7ee ph@ge th"s obtained ofter co"cent, @tio"
by 70

100 sec

120 240
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of complete phage particles with a polyhedral
head and long slender tail, and their shape ap-
pears almost indistinguishable from that of
p"" phag^ chown in Fig. 2 (b). The "ppear-
ance of phage o1 is also similar to those de-
scribed previously of p, B, Bh and the particles
found in " UV-Iysate " of a substrain of the
PW8 strum (Mathews at a1. , 1966) and of .the,
corynebacteriophages (Holmes and Barksdale,
1970). Measurements of the dimensions of
phages in and ,h, 64, however, showed that
phage co was somewhat smaller than ph, 64 ; the
average dimensions of the head (widthjlength)
and tail dength) of phage co were 42 in/t146 in#
and 222 my while those of ph"64 were 48 innj
51 inn and 274 inn, respectively. Thus phage

co appears to be smaller than the other coryne-
bacteriophages described by Holmes and Barks-
dale (1970).

Fig. 3 shows data on thc kinetics of neutrali-
zation of phages by anti ph"64 rabbit serum
(K 17.5). As can be seen, the anti ,hv64
serum neutralizes the infectivity of all the
phages tested but the rate of neutralization is
much lower with phage oi than with the other
phages. The K value for phage o was 5.7
while those for phages p and o, and for the
hornologous phage ,h"64 were all 17.5. This
clearly indicates that phage co is serologically
related, but not identical, with phage @, and
phages of the p group such as or, ,, ph, 64 and
P, which are neutralized at the same rate by

2 -a

FIGURE 2 (a). Electron microg, @ph of bccte, foph@ge (0) released by 271d"ctio" of the Ply8
strain of Cory"eb@cte, farm diphthe, ice arith tilt, @"iolet light. Jinii"! incg"tricot, 'on x 47,000.
M@, her co 7,000 A. A Dr. b, sate 00@s inoar"ted o" c@, bon-supported collodro" films, dried
i, , air ond zooshed alith d, ^tilled to@te, . Then It alios neg@titlely stained at:,'th I% ",@" I
acet@te and ex@mined anIder a Hat@cht^Iect, on microscope, type HU 770 S. The method of
preta, @tio" of the Up-4.3@te is described in the legendfo, Fig. I.
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antip"',' serum (Matsud^ and Bark^hare, 1967).
Incidentally, the bacteria Iysogenized with

phage o1 or o, were found to be immune to the
infection by phage p and those with phage p, to
the infection by phage co or @17. In any event,
from what we observed on the profiles (host
range activity, UV-inducibility and serological
property), it is clear that co and o7 are different
kinds of phages though they were derived from
a single source, the PW8 strain.

The toxin produced by various Iysogenic
strains of different phages (co, o7 and p) has so
far been found to be a single molecular species

in terms of jinmunochemical specificity and
electrophoretic mobility in acrylamide gel.
The question of whether this indicates the

origin of the " toxin gene "bacterial must

await further study.

" Fir. ' ?, t. ,, ? -, ' . - <5'43?a, I , , t , .".:74, ,'

'." _*' "^. ;**;*, ;9.3, ' " ,,, ' " '*J',: ':;;b':.,:is4I^:" " ' -*,;;^ ^

I, . * ' '. ' . .. LA. I. ._. ,... ,

,.,,,,, , ,. ,/#';,^.^^;,;;.^\^^! "'^^;^^'4;^::,;$;;';,.: .'.*.* " . , ,' ^"" ' ' " " ^^',' "" ""'~~*"' """"'"' "' ~ "'~' ' "'*' , ' 'i"<^:., ., *,..^;$', 1.4. r. - *,... ;;*:.!,:*.! .,.:,~ {:....;-*- ... ,,

---, 17 - '- - -,"' '. - - ,,,'-,,, - - -,
F1 ,.., .. , - - ...-,, . .- , 4, ..,.. A. .
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FIGURE 2 (b). Electron microg, @ph of coty"eb@cte, foph@ge p"". lititi@I mug"inc@tt'0" X
41,000. Marker=c@ 7,000 A. Co"ditto"s for elect, 0" microscopic exami"@tio" were CS
described fit the legend for Fig. 2 (@). The p"" 4.3"te employed '@0s prepared us described
by M@tsud@ ond Bathsd@!e (7967).
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