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SHORT COMMUNICATION

EXPRESSION OF Tox- GENE CARRIED BY AN EARLY IviuTANT (DNA
NEGATIVE MUTANT) OF NONLYsoGENiziNG pHAGE phi IN NON-
TOXINOGENIC DIPHTHERIA BACILLI

NIORIHIRO I\, IATSUDA, CHIE KANEl and A, IASAHIKO YONEDA

Department of Ttiberculosis Research I, Research InstitLite for. it^CTobial Diseases,
Osaka Univei. sit\,, Yamada-kami, Suita, Osaka

(Rcceived JailLiai'}' 18,1972)

In a previous paper (IVlatsuda et al, 1971a), \\, e
reported the Isolation of \, anous temperature-
sensitive (=If) mutants of a nonlysogenizing
toxinogenic COTynebacteriophage A" (Matsuda
and Barksdale, 1966, 1967). One of these, Is
e21, seemed to be a DNA negative mutant.
Thus, under nonpermissive conditions, this
particular ts mutant failed to synthesize DNA
and development of the phage \\, as arrested at
an early stage of phage multiplication. The
questions tl\us arose of whethei. expression of
the tox' gene carried by this phage mutant
could occur under the nonpermissive conditions
and if so of ITow it occurs. This is a brief re-

port of studies on the kinetics of formation of
toxin, phage and DNA during the c}, cle of in-
rection of nontoxinogenic diphtheria bacilli by
this phage mutant.

Th. syst. in (Mat^ud, and Bark^hare, 1967)
used to investigate phage-directed synthesis
of diphtheria toxin was applied in character12a-
tion of the phage mutant and in studies on the
kinetics of toxin production, employing a non-
toxinogenic, nonlysogenic C7 (-) strain (Barks-
dale and Pappenheimer, 1954) of Coin^, Iebac-
lei. iu, ,I diphthei. ,'tie. The mutant ts e21 of non-
Iysogenizing phage pin used in this study
was isolated fronT a stock of phage \\, hich had
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been treated with N-methyl-N'-nitro-I. ;-nitroso
guanidine as previously described (Matsuda
at a1. , 1971a). It was isolated by the special
selection procedures reported by Edgar and
Lielausis (1964) as the temperature-sensitive
mutant \\, hiclT forms PIaques at 30 C but not
at 38C. The methods used for preparing

the plating bacteria and for assay of piaque
forming particles were as described previously
(Musud" at a1. , 1971^). Th, .onditi. us f. " th.
experiments are given in the legends to the
figures.

Fig. I shows DNA synthesis and the
.hang, in th, .pti. "I dan^ity of or (-) colts
infected with Is e21 mutant during incubations
at 30 C and 38 C. As can be seen, at 10\\, tern-
perature (30 C), the n\utant pilage-infected
cellslysed at the time characteristic for the wild-
type phage and thus produced PIaque forming,
mature proge^, phage particles (1.7xlO"
piaque forming unitslml). The total amount
of DNA in the culture began to increase about
30 iniiT after infection and increased linearly
with time. At the end of the latent period it
reached a value about 2 times that at the time

of infection, as in the case of infection \\, ith the
wild-type phage. In sharp contrast, at the
ele\, ated temperature (38 C), the is e21 mutant
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FIGURE I. DNA sy, ,the31'3 and phnge prodi, ct, 'o11 alld
IySi'S Of C7(-) c, //s 1'14j'ected 001't/, ,"* phnge, 1111ta, ,t ts
e21 at 30 C and 38 C

ATo, ,toxinoge, 11'c, lion/ysoge, ,,'c C7( - ) cells
gro",, to rill optical density (OD) of 7.8 111 d4eiinted
PGT nitdi\,,,, (Bn, Asdn/e rind PnPpe, Ihei',,!ei, 1954)
coiltdi, ling 4% 7,101tose filld 0.04 11g I'r0"1,111. Their
they 00ei'e flyecied 201'th phoge 71/11ta, ,t ts e21 at a 11,111tz'-
PI!t, Iy qf ,'"Iect, 'o11 of riboi, I6. Tile pincedi, ,'es 113ed. 107.
Sy, ,Chi Owl'31ng 1'11eCtio11 alld101' one step g, Darth 20e, e us
I'epo, led pi'CUI'oils/y (M"tilldn at a/., 7977 a), except
Ihnt, 101 nthoitpti'o71, the tell!pel '11/1 e rods 30 C oild the
pel','oof of I', ICJ, hat"o71 rens 22 11,111. Tile 7003hed, in-
Iected cell*' fuere Ies!ISPe"ded to OD 3.0, ',, chilled/, esh
d<lei'rnted PGT 711, of^^,,, I coilt",,, 1'110791 111d!tose co, 'thoi, t
1'1'oil, d, Id d, bided 111!0 taro palts. One tons IMc!, buted
at 30 C and th, othei at 38 C, arith gentle shoh, ,, g
FDi I"errs, ,I e, ,!e, ,t of DNA the 111ethod qf Bin'ton (1956)
us 1110djj;ed by Bpsiez'" at a/. ( 1963) tons e, ,, ployed tnk, ,, g
I 1111 sri, IPIes o. 1 the atpel 1/1/'11tn/ c, ,/till es. Lys, s of
the 1'71fected cult!11', s tons ofeteiiii, ', led by 111,051!1'1',, g the
optical dells, Iy at 590 111" qj 3,111p!CS 11,111g a B"t'sch &
Lollib spect, ophoto, ,Jetei . Optical density at 30 C
(.) and at 38 C (x), DNA at 30 C (0) and at 38 C
(0),' PInq!, e 101',"ing phng, pni!IC/es at .30 C (,) a"d
at 38 C (,)

did not Iyse the cells or produce piaque form-
ing particles and ITo appreciable Increase in
DNA in the cells could be observed after infoc-

tion with this mutant phage. Previous work
on ts e21 phage infected cells (Matsuda at al. ,
1971a) showed that the temperature-sensitive
step for this phage mutant occurs 28 min after
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FIGURE 2. TONi, ,, DAIrldi, dphftgesy, ,thesis by 07(-)
ce/^s 1'11ected wit/, ,'* phoge, ,liftn"t is e21 at 38 C

Grinditio, ,s toei e us descr, 'b, d 101 Fig . I. The to XII,
collie, It of the Infected ci, /ti!re tons deteii, ,,', led by fluect-
1'11g 0. I 1111 of UUT, 'oils dryiiti'oils of the ci, !hire filtrates
(M, '//,>o1'e f/tel', 0.45 A) 1'11iindei, ,, d//y 2'71to the dep, '/at-
ed backs of I. "6611s, ,10/10",',, g Ihe paid/e/ fine assay
lifethod of Koi, do at a/. (7960). Syi, 16th: (.), DNA.
(x), IDLi',,, in, d (0), pinqi, e 101'111i, Ig phnge pni'ticles
at 38 C, ( X ), toxin yield on fitc!, hat"o71 at 30 C 101
'0' 11,1, ,
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infection, early in the latent period of phage
growth. Thus ts e21 is an early mutant which
has a defect in DNA synthesis.

Fig. 2 shows the kinetics of the production
of toxin and phage particles and of DNA syn-
thesis by is e21 phage-infected cells during in-
cubation at the nonpermissive temperature
(38 C) for the mutant. It is clear that toxin
production occurred under the conditions ;
toxin began to increase about 20 min after
phage Infection and reached a plateau after
about 120 min, as observed with the wild-type
phag, (Mat^ud^ and Bark^hare, 1966, 1967).
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During the incubation, there \\, as no increase
in the amount of DNA or the number of piaque
forming particles. The yield of toxin \\, as
6 x 105 INIRDjm1, 120 min after infection, and
this Is coinparable with that observed on in-
cubation of mutant phage-infected cells at the
permissive temperature (30 C) for the mutant.
The toxin content was also assayed by the semi-
quantitative jinmunodiffusion method describ-
ed previously (A1atsuda at a1. , 1971a) and found
to be 5 ~10 Lf eq. units per in I.

The results presented here clearly sho\^ that
replication of phage DNA is not a prerequisite
for expression of the tox' gene. A, loreover,
since the kinetics and yield of toxin by cells
infected \\, ith the DNA negative mutant and
with the \\, 11d-type phage are similar, only the
parental DNA injected into the cell appears to
function in toxin synthesis, as in the case of
early functions for phage growth

No mutations of phage genes essential for
phage growth have so far been found to affect
toxin production of cells infected with the
mutant phage (Nlatsuda at a1. , 1971a) and
phage growtlT does not appear to be affected by
mutations in the tox' gene that result in pro-
duction of fragments of the toxin protein mole-
core (Uchid^ at a1. , 1971 ; Musud, at a1. 1972).
From these facts and results obtained \\ ith the

DNA negative mutant, it appears very unlikely
that the tox' gene is essential for phage growth,
although it is possible that expression of the
tox' gene may, occur in some association \\, ith
phage genes for early functions.

it is Interesting that toxin production can
proceed in the absence of phage DNA syn-
thesis because this may imply that the number
of tox' genes in cells remains constant. This
provides a basis for calculating the rate of toxin
production in this mutant phage-infected C7(--)
cell system. Calculation revealed that the rate
of toxin production in this system was about
1.0x105 AIRDjlO' cells-hr. This value is
,b, ut thre. tim. ^ that (3 XIO' MRDjlO' wits'
hi. ) ustimat, d (Mat^ud^ at a1. , 1971b) under
growth-limiting conditions (HITai at a1. , 1966)
of the same host strain Iysogenized with A
phag. (C7(,)). Th, high ruts of tonin p",-
duction observed in this system may be due to
a dose effect of tox' gene injected witl\ parental
phage DNA (multiplicity of infection, about
five), or to a dose effect of the tox' gene \\, hich
may be copied and Increase two-three fold in
a very brief period after infection, or to libera-
tion from some regulatory mechanism of the
ITost operating in the Iysogenic state. How-
ever, one must a\\, ait further investigation to
clarify this.
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