633

Curreni
Science

EFFECT O IRRADIATION ON TRANSDUCTION AND LYSOGENISATION IN
SALMONELLA TYPHIMURIUNM

HANMANLU POLASA* anp H. H. PLOUGH
Department of Biology, Amkerst College, Amherst, Mass.,, U .5.4.

ABSTRACT
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INTRODUCTION

the previous paperl it has been reported that
wild type 8. typhirmurium strain 547 is lysogenic
and releases temperate phage called P 547. This
phage bvelongs to the class of general transducing
temperate phages of S, #yplitmurium as it can
transduce any marker. Transduction and lyso-
genization are shown to be independent processes
in this case, unlike in lambda phage-E, coli system.
Zinder? studied the effect of irradiated phage
P22 of Salmonefla on transduction and found a
ris¢ in the frequency as compared to that of un-
irradiated phage. Similarly, an enhancement of
sexwral recombination was found by irradiation of
the F* donor parent cells3, I wish to report in
this paper the results of the effect of irradiated
547 phage and irradiated recipient cells on the
efficiency of transduction and lysogenisation. Tt
was hoped that this study might give some infor-
mation on the nature of transducing fragment and
phage genome.

MATERIALS AND METHODS

The bacterial cultures, phage stock, media, and
the technigues for tramsduction and lysogenization
are desCribed in the earlier paperl,

REsULTS

Effect of gamma irradiation on phage survival
and adsorption—A suspension of 547 wild type

phage 1 BHI (Brain heart Infusion broth)
was irradiated at 200kr, 400kr and 600kr in
plastic tubes attached onto the window of

Cobalt-60 radiation source. The ability of plaque
formation on sensitive S. typhirmurium (TC) cells
and adsorpticn (on heat killed 8. typhimurium 533
cells) was measured in control and frradiated
phage samples. The effect of various doses of
irradiation on per cent survival and adsorption are
shown in Table I. The data showed that although
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of either temperate Phage 547 of Salmonella ot recipient cells increases the
transduction whereas lysogenization decreases.

The 1ncrease in transducticn s

‘ the irradiation om gecombipation and loss of lytic action
The irradiation sesults suggest that the whole phage genome is rnore radip-

TABLE 1
Effect of gamma irradiation of 547 Dhage on
survival, adsorption and its efficiency in
transduction and lysogenisation

T

—

Irradiation o/ yA H*~T+-+

Q
_ ; _ ] A
dose mm kr. Survivale Ag;iiﬁ tre;ingsgﬂtlc Lysogeny?
0 100-0 100 196-Q 80-0
(Control) .
200 33-2 100 259-2 82-0
400 3-8 100 2305 68-1
600 0-8 100 138-4 46- 5

(¢) Phage gilspension with a titre of 6-8 x 108/m)]
was Irrddiated and titrated on T.C. cells.

() The percentage of adsorption of phage was
determined on heat killed cells>. phag

(¢} Themultiplicity of infection {(m.o.;. t
0.3 and i icity (M.o.i.) was kep

the number of transductiong are Cxpressed per
108 recipient cells. ’

(d) The percentage of lysogenisation was deter-
mined amaong the transduced cells,
there was a linear decrease in per <ent survival
of phage, When phage was irradiated at various
doses, the adsorption remained to be 100% at these
doses indicating that irradiation Inactivated the
p:hage genome which did not affect on the adsorp-
tion capacity.

Effect of irradiated phage on transduction.~The
above irradiated samples were used for transduc.
tion experiments to see the correlation between the
phage survival or inactivation, adsorption and ability
to transduce by the irradiated phage. The frequency
of general transduction (for His*, Try+, and Leu+
markers) Dy control and irradiated 547 pPhage is
shown in Table I, It is quite evident that irradig-
tiocn of phage with 200kr and 400 kr enhances the
frequency of transductions ag compared to wun-
irradiated phage. Garen and Zinder? found 2 similar
effect of U.Y. irradiated phage P22 on transduc-
tion of these markers. The transduction fre-
quencies have decreased below control  Jevel
when the phage was irradiated at 600kr dose
(Table 1). These  results  demonstrate  that
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inactivated phage which has not lost the capacity
of adsorption could transduce efliciently, i.e., an
active phage genome 15 not necessary for adsorption
and transduction processes. Since the adsorption
of irradiated phage is not increased, it is probable
that irradiation itself makes the transduction process
niore efficient, To test this view, the transduction
experiments were performed in which the U.V.
irradiated recipient cells and unirradiated phage
were employed.

Effect of U.V. irradiation on survival of recipient
cells and their ability to adsorb phage.—First the
rate of inactivation of recipient cells by U.V.
irradiation and their capacity to adsorb phage were
determined, the resujts of which are shown in
Table 1I. After 60 and 90 scconds of irradiation,

TapLE 11

Comparative data on the effect of UV. irradiaiion
on survival of recipient cells, and their ability
in adsorption and transduction

e a4

‘U-V. dose % R A . Transductions
in scconds  Survival Adsorption  per 10° cells
0 100-0  100-0 517-3
(Control)
&0 262 10G-0 886- 0

90 13-7 100-0 503-0°

Exponentially growing culture with a titer of
2-4 x10?/ml was suspended in chilled saline and was
irradiated at a distance of S3cm, with a 15 watt
General Electric Germicidal lamp for above indicated
times. All operations were carried out under red light
to avoid photoreactivation. The above cultyres were
used for transduction experiments 1 which the m.o.i.
was 2-3 In all the cases.

el

the ceclls were titrated for survival and the same
cells were used for phage adsorption measufrements.
A control culiure was run in parallel for com-
parsion. The results in Table TI show that
26-2% and 13-7% of cells survived when they were
irradiated for 60 and 90 seconds, However, these
cultures comntaining the mixture of active and
inactive cells possessed the same capacity of phage
adsorption as control. These results are analogous
to those obigined by wvsing heat killed cells which
could st ad-orb the phage without supporting
replication® %,

Ehect eof UV, irradiated recipicnt cells on
transduction~The (ransduction  ¢Xperimenis  were
carried out by using the above wradiated recipient
cedls and non-uradiated 547 phage. The data in
Table VI indicate that yhe transduction frequency
has significantly increased fas it id for rrradinted
phage) when the indicator cells were irradiated for
60 and 90 seconds. The fiequency of transduction

was lower in the case of 90 seconds irradiation
than for 60 seconds, although both {hese values
were much higher than the control. The reason
for this decrease was that survival of recipient cells
was Jower at 90 seconds than at 60 seconds of
irradiation (Table II). Thus the above results (in
Tables I and II) indicated that irradiation of either
phage or recipient cells enhanced the process of

transduction without an increase in phage adsorp-
tion,

Effect of irradiation on Iytic action of phage and
i’s cffect on transduction—It is well established
that m the temperate phage lysate only a small
fraction of phage particles will constitute trang-
ducing phages and other fraction of the phages
will  either lysogenise or lyse the infected cellsT.
Watson® has shown that X-irradiation of T, phage
concurrently  diminishes lytic action and phage
survival. The decrease in lytic action of irradiated
temperate phage may be one of the factors in
mcreasing transduction frequency in the preceding
experiments {Table 1). If the lytic action of phage
13 decreased by irradiation one can expect a higher
percentage of survival of irradiated phage-infected
cells than unirradiated phage-infected cells. To
test this possibility the following experiment was
performed to determine the Iytic or killing action
of control and irradiated phage on recipient cells

by measuring the cell survival before and after
infection.

The cells were allowed to infect with 200 kr,
400 kr and 600 kr irradiated and unirradiated phage
samples and after 20 minutes of infoction the
unadsorbed phage was removed by centrifuzation,
The cell assays were made before and after infec-
tion of phage. The resulls in Table 111 show that

TasrLe 1II

Comparative data on the per eent survival of
irradiated phage and cell survival after infection

Irradiation %e e O

dose Phage Suevival of Lysis ¢f

1 kr survival infected cells infected cells
Q 100-0 6816 -4

{Control)

200 g2 740 26-0

400 3-8 §1-6 1S4

600 08 1000 0-0

S e A, iy M

The maob was 0030 i all four cases,

-

the per econt survival of mfected cells Increased as
the function of nradiation dose, thit v the decrease
it ocell Iysis afier nfection with dradiated  phage
uppiu'ﬁ.im,llc])’ paralicted  the  de¢icase 1l phage
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survival after irradiation. From these results it
appeared that the gamma-irradiation affected the
Ivtic or killing property and the viability of 547
rhare to the same degree. Contrary to this the
host killing property of the virulent phage T, is
enormously greater in its resistance to U.V. irradia-
tton than the wiability of the phageS. This sug-
gests that lysis of the cells by temperate phage
may require phage reproduction but in the case
of virutent phage nonviable phages may also kill
or lyse the cells. Due to loss of host killing pro-
perty of irradiated 547 phage there will be a greater
chance for the phage to transduce a cell as com-
pared to unirradiated phage, as a result, the fre-
quency of transduction is increased in the former
case.

Effect of irradiated phage on Iysogenisation.—
The fact that the frequency of transduction is not
affected by the irradiated inactive phage, suggests
that the genetic material of the phage alone and
not the transducing chromosome fragment 1s
inactivated by irradiation particularly at Jlower
doses. If this 1s so, lysogenisation should decrease
in the same order as phage inactivation since lyso-
genisation is established by the incorporation of the
phage genome into bacterial chromosome?®. In view
of this, the effect of irradiated phage on lysogenisa-
tion frequency was determined (Table I). Unlike
transduction, the frequency of lysogenisation
steadily decreased as the wradiation dose increased.
These results thus help in distinguishing the phage
genetic material from that of the transducing frag-
ment. The transduction and lysogenisation results
reveal that transducing fragment is much less
sensitive to irradlation than phage genome.

DISCUSSION

Why dozs gamma or U.V. irradiation of either
phage or recipient cells enhance the transduction
frequency though there is no ingrease in adsorp-
tion? Ons explanation suggested by Jacob, Woll-
man and Hayes3 is that irradiation has a stignulat-
ing effect -on the genetic recombination. In Droso-
phila high temperature and irradiation have been
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shown to stimulate crossing overl®, The data
presented here support the notion that loss of lytic
action or host-killing property of the irradiated
inactive phage (but transducible) appears to be
another important factor in increasing the transduc-

tion frequency by way of decreasing the cell lysis
of the infected cells.

The data presented in the previous paperl that
Ht-T+-L+ markers were not carried on a single
large transducing fragment, but instead each marker
was present on a separate fragment. Some further
evidence on the nature of the transducing fragment
and phage genome may be deduced from the dif-
ferences on the effect of irradiation on phage
inactivation and its ability to transduce and lyso-
genize. Both phage survival and the lysogenisa-
tion dccreased as the irradiation dose increased
without a corresponding decrease in transduction.
According to target theory!l the smaller the action
volume, the more resistant is the particle to irradia-
tion, therefore, it may be suggested that the transduc-

ing DNA fragment is smaller than the genome of
547 phage.
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