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PRELIMINARY REPORT

DEGREE OF EXPRESSION OF THE Tox' GENE INTRODUCED
INTO CORYNEBACTERIA BY pHAGES DERl\IED FROl\I

DIPHTHERIA BACILLI HA\71NG DIFFERENT CAPACITIES To
PRODUCE TOXIN

NioRIHIRO A1ATSUDA, CHIE 1<ANEl and A, IASAHIKO YOi. ;EDA
Department of Tuber CLIlosis Research I, Reseai'cl\ Institutc for' A{icrobi"I Diseases,
Osaka University, Yamada-kami, Suitn, Osaka

(Received A, I"y 6,1971)

The toxinogenicity of Goly, rebartei'1117/1 of!}hihe-
line that Is determined by the genetic informa-
tion (tox' gene) carried by specific coryne-
bacteriophages (Freeman, 1951 ; Groinan,
1953, 1955; Barksdale and Pappenheimer,
1954; Barksdale, 1955), is 1<nown to vary
widely in different strains. However, the
mechanism this inherent differencecausing
between strains Is unknown. In studies on

this problem, we recently obtained evidence
that the degree of ability to produce diphtheria
toxin in corynebacteria depends o1T the ITost
bacterial strain, not on the tox' phage tested
with which the host bacteria are Iysogenized

This study \\, as to examine to \\, hat extent
the tox' gene carried by phages derived from
diphtheria bacilli having different capacitics to
produce toxin, can be expressed when a single
host strain is Iysogenized witl\ different tox'
phages and \\, hen different host strains are
Iysogenized \\, ith a single tox' phage. The
host bacterial strains employed \\, ere the

nontoxinogenic nonlysogenic C7 (-) strain
(Bank^hare and Payp, nh. liner, 1954) of C.
driphthe, .ine and the 9304 strain of C. nicei. ,1713
(Marlin. ^. u, 1968), kindly p". vined by Drs
Saragea and A1aximescLi ('Dr. Cantacuzino'
Institute, Bucharest), while the phage strains
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were the PIiages " and tu, (A1atsuda at al. ,
1971a) derived fi'Qin a I\Ighly toxinogenic
substrain, Biken, of the Pant \\rilliams No. 8
(PW8) st", in (Park and William"^, 1896) and
classic corynebacteriophage A obtained from a
10\\, toxinogenic C7 (,) strain (Barksdale and
P*pp, rib, jin, ", 1954) of C. d, }fith, ,., h, . Th.
remarkable difference in the capacities to

produce toxin between the P\\,'8 and C7 co)
strains used as sourccs of phages is shown in the
accompanying tables. I, ysogens were pre-
pared by combination of host bacterial strains
and the phage prepai. ations \\, hich had been
purified by successive single piaque isolations
on C. niceimis for to and C7 (-) for I" and C.
if/cei\lis or C7 (-) for A. They \\, ere of the
f. 11. **'ing fire linch ^ C7 (in, ), C700, C
111cei'ajis (0)), C. If/cei'nils (,",) and C. if/cein?is
(,). I'd dontally, 00 C7 (,") .. uld b. .b-
tained because the C7 (-) strain \\, as irisensi-
tive to phage it^. These Iysogcns \\, ere each
isolated from resistant outgrowths in giant
PIaques formed on the lawn of sensitive bacte-
ria by I\Tillipcre filtrates of eacll phage Iysate
and subsequently a pure clone of each Iysogen
\^as obtained after. scveral successive single
colony Isolations. The Iysogens were then
tested for their stability in terms of phage
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producing ability, Immunity against hornolo-
gous phage and of toxinogenicity by examining
these properties of the subclones from at least
ten colonies of each culture. They were also
tested to see whether these properties could be
eliminated by Incubating the Iysogens in medi-
urn containing anti A" phage serum (A'Tatsuda
at a1. , 1971a). The test sho\^ed that these
Iysogens were all stable

The toxinogenicities of the Iysogens tnus
obtained \\, ere then compared both in terms of
the rate of to XIIT production (amount of toxin
produced per unit of bacteria per unit of time)
under growth-limiting conditions (HITai at al. ,
1966) and of the final toxin yields obtained
under growing conditions \vlTich \\, ere optimal
for toxin production. Since only traces of
toxin \\, ere detectable in cell-extracts of the

Iysogens tested, the toxin content was assayed
of the culture filtrates. It was determined as

minimal reaction dose (AIRD) on rabbit skin
and as the limit of fiocculation (Lf) or Lf
equivalence (Lf eq. ) by the methods described
previously 01atsuda at a1. , 1971b). Growth
of the cultures \\, as determined by measuring
th. .pti. al christy (OD) of coinpl, ^ at 590 in!,
using a Bausch and Loinb spectrophotometer
The experimental conditions are given in the
legends to the tables

The results summarized in tables I and 2,

show the final toxin yields (Lf!in I) and the rates
of toxin production (Lf or Lf eq. or AllRD, !
OD - hr) of the various Iysogens described
above. Several independently isolated strains
were used for each Iysogen and they gave
similar results. From the tables, it is apparent
that the degree in toxinogenicity of the Iysogens
varies \\, ith the kind of host bacteria, ITrespec-
tive of the source of the tox' phages \\, ith which
the hosts were Iysogenized. Thus a marked
difference \\, as seen bet\^een the Iysogens
derived from C7 (-) and those fronT C
wireiwiis. This is particularly noticeable \\, Ith
respect to their rates of toxin production, the
toxinogenicit\, of the latter Iysogens being
about one tcntlT of that of the fomTer. In

sharp contrast, almost ITo differences \\, CTe

seen between the Iysogens derived from the
same ITost with different tox' phages, either in
their rates of toxin production or in their toxin
yields.

These results clearly indicate that the host
must be involved in controlling the degree of
diphtheria toxinogenicity in these Iysogenic
corynebacteria and that an important factor
directly associated with such control by the
host is regulation of the rate of toxin produc-

Careful inspection of the present datation

also suggests that another factor Involved in
control of toxin yield by the host could be I. egu-
Iation of the duration of toxin production
under growing conditions. Incidentally, in
case of the P\\18 strain, Miller at a1. (1966)

suggested a possible importance of the metabo-
lism of the host in determining the yields of

They considered that, presumablytoxin

because of its unique, abnormal respiratory
^ustom (P^pp, nh. jin. ,. at a1. , 1962), th, PW8
strain is able to continue its growth for a long

TABLE I. ToXI'" PIOdttctz'on 63, callous $11ni"s
of coli^Mebnctei'!h Ij, sogenised full/I phnge$
del'i"ed 11'0"I diphtheria 60ca'!/afrn?, Ing d4ffei'att
capacz'11bs to pi'oduce toxin (undei' gi'ozci"g cond!'-
tZOnS")

Strain
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C7 Ok)"

C7 (F)'

C. ulcerans (,,,)

C. Mirei'uns (";)

C. Micei'ans (;)
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Toxin yield Final gro\\ Ih
(Lflm! .ultu, e) (OD at 590m/,)

P\\:Sal

a Cells \\'ere grown in modified Pope's medium
(Yoneda and Matsuda, 1961) containing 0.1 jig
Ironjm/ witll shaking at 35C for 52 hr

b Pha, ,e t" could not Iysogenize nor Iyse C7(-)
c Similar results \\. ere obtained Irrespective of the

sources of ,3 phage (C7 (, 3), C. MICe, 'rims (,;)) and
of the bacterial strains (C7 (-). C. Mir, I'd"s) used
for' the preparation of the phagc

d Source of phages o1 and OJT (Matsuda at a1. , 1971a)

11

12

2~ 3

2~3

2~3

9.9

11.1

I+O

12.6

15.9

12. O

12. O



TABLE 2. Rates of toxz}z PIOductt'on by oar-
1'0us stym}Is of cory"eboctei. I'a Iysogent;sed 202'th
phage del. at^ed nom dtl)htherz'a bacz'In haoriig
d4jffere"t capaczt^^s to produce tort'it (under
grozuth-/thin^^g condzt^^nsrr)

Strain

C7 to, )"

C7 (19)"

C. Micera"s (,")

C. ulcer@"s (,"7)

C. ulcer nits (, 3)

Rate of toxin production

(Lf or Lf eqb (MRD/
100 - h, OD. hr)

PW8"

a Toxin production under growth-limiting condi-
tions \\, as performed as described by Hirai et ill
(1966) as follows. Cells \\. ere precultured in de-
forrated PCT medium (Barksdale and Pappen-
he jiner, 1954) containing 4% maltose and 0041, g
iron/in/. When the OD of the culture reached
1.7, the culture \\. as chilled and centrifLigcd and
the pacl<ed cells werc resuspendcd in defer rated
CST-6 medium (Uchida and Yoneda, 1967 ; 0.05M
Tris-HCl buffer (p}I 7.4) containing 0.6% cas-
amino acid (Difco, certified), 0,003 % DL-trypto-
phane, 0.01% cystine, 0.3% sodium succinate,
0.45% N"Cl and 0.1% MgS0, . 7H, 0) to giv" an
OD of 9.0 ("b. ut I x10" ."11stinI). Ajiqu. ts of
9 inI of the I, eavy cell suspension \\. ere put into
100 inI Erlenmeycr Basks and incubated at 35C
in a rotary shaker at 140 rotationslmin. Flasks
were taken out after 60 min and 120 min and the

cultures were chilled and centrifuged and the
supernatants \\. CTe assayed for toxin. Rates of
toxin production (amounts of toxin produced/
OD. hr) \\, ere calculated from data in the linear
range of toxin production

b Toxin content (Lf eq. -unit equivalent to tlTe limit
of Hocculation (Lf)) of the concentrated CLIlture
filtrate was determined by the Inethod described
previously (Matsuda at a1. , 1971 b) Lising the jin-
in unodiffusion technique

c Phage in could not Iysogenize nor Iyse C7 ( -)

d Similar results were obtained irrespective of the
sources of , phage (C7 (, 3), C. 111c"I'tills (, 3)) and
of the bacterial strains (C7 (-), C. like, 'o113) Lised
for the preparation of the phage

e Source of phages to and "7 (Matsuda at a1. , 1971 a)

0.25

0.25

period until the cellular iron content falls to a
very low level resulting in unusually high yields
of toxin, However, this may not be the case in
the present experiments where the yields of
toxin were compared in fast-growing Iysogenic
strains, such as C7 (,) with a normal respiratory
system (Pappenheimer at a1. , 1962). The
intrinsic nature of the host factors is still un-

known and requires further study.
Investigations are now in progress employing

more strains and isolating host and phage
mutants. The results will be published else-
where.O . 01 ~ 0 .03b

O . 01 ~ 0 .03"

O. 01 ~ 0.03"

3 .I x 104

3.1 x 104

1.25

3.4 x 103

3.1 x 103

I. 3 x 105
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