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Phage Reproduction in Penicillin Treated Enteric Bacilli Cells
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In recent years, in the investigations of microbiologists, biochemists,
and geneticists, they are more and more frequently using btacterial protoplasts,
that is, cells that have been deprived of their cellular walls as a result of
lysozyme treatment. The metabolism of the lysosyme protoplasts differs little
fron)that of normal bacterial cells (Kalina, 1958; Oparin, 1957; McQuillen,
1955).

Under certain conditions they retain their capacity to synthesise pro-
teins (Oparin et al., 1957; McQuillen, 1955 &, b) and ridonucleic acid
(McQuillen, 1955 a) and also to support the reproduction of bacteriophage
(Brenner, Stent, 1955; Fraser, Mahler, 1957: Mahler, Fraser, 1956; Salton and
McQuillen, 1955).

The protoplast-like forme that are obtained through the use of penicillin,
glycine, and bacteriophage are morphologically similar to the lysozyme proto-
plasts (Brenner et al., 1958). Little is known of these forms of bdacteria, but
while differing from the lysosyme protoplasts in their generation mechanisa
they evidently differ also in their properties. The protoplasts and the proto-
Plast-like formations represent very convenient models for the experimental
solution of many questions, because through the lack of or damage to the cell
wall they possess an increased permeadility for macromolecular substances.
This has made the study of the effect of ensymes on the intracellular phase of
phage development possible (Fraser and Mahler, 1957), and recently enadbled the
infection of protoplasts by damaged phage incapable of infecting norsal cells
(Fraser ot al., 1957; Spisizen, 1957). The protoplasts that are produced Yy
lysozyme treatment, which are useful in the majority of investigations, caanot
be infected by a whole phage inasmuch as the receptors of the cellular sem-
drane are required for the adsorption of the phage. The virus can be developed
within the protoplasts only if the infection of the btacteria is carried out
prior to the lysosyme treatment. Therefors the first phase of the phage’s
development in the protoplasts escapes the observance of the iavestigators.

In this regard the protoplast-like forms of dacteria that originate from pemi-
cillin treatsent can present a definite advantage over the lysosyme protoplasts
(Chargaff, 1957; Hahn and Clak, 1957; Lederderg, 1956: Adams, 1950). They
evidently have a reduced membrane (Hahn, Clak, 1957) that can stipulate a
successful adsorption of the phage, and at the same time possesses an inoreased




permeadility for sacromolecules, particularly desoxyridonucleic acids (Chargaff,
1957). 1a mdadition, other advantages of these protoplast-like forms are their
oapacity for reversion and restoration of provagation, and simple method of their
production, particularly in the strains resistant to lysozyme. The metabolism

of these forms, however, is much more insdequately investigated than the lyso-
syme protoplasts.

Inassuch as the phage's development is an indication of a system's capacity
for extremely complex synthetic processes it seemed to us expedient to stuydy the
possibility of phage reproduction in the protoplast-like formations produced froa
enteric bacilli with the action of penicillin.

A freshly isolated culture of B. colil No. 600, which was received from the
Moscow City Sanitary-Bpidemic Station,and was typical by all characteristics,
and an enteric phage F-1, which was given by A. 8. Kriviskiy, served as the
objects of the investigation. To produce the protoplast-like forms we used the
method proposed bty Lederberg (1956). A four-hour-old droth cultwre was diluted
five times with broth containing 0.5 M sucrose, 1 § Mg804, and 1,000 units/ml
of penicillin and incubated at 37°C. After 1.5 hours an absolute majority of the
cells was transformed into spherical formations similar to the "large bdodies"
of the 1-forms, and only 0.1 $ of the cells retained their original morphology
and capacity to fors colonies with the usual seeding conditions.

In accordance with the basic task of the investigation we first of all
explored the possidility of infecting the protoplast-like forms with the F-1
phage. For this purpose a suspension of these forms in a 0,5-percent agar was
mixed with the phage and placed into a vonBruhn o0il chamber. The multiplicity of
infection in the different experiments ranged from 1 to 10. With a visual obser-
vation in a phase-contrast microscope at 37°C it was observed that of the 34
spherioal bodies that were in contact with the phage 26 were lysed within 30-50
minutes, vhereas in the control (without the phage)only one of 32 was lysed.
These findings indicated, evidently, a possidbility of infection and lysis of the
protoplast-like forms by the P-1 phage, although it has still not been proved
that phage reproduction with the formation of mature viral particles occurs
vithin thea, To find the cap‘cizy of the phage to reproduce within the proto-
plast-like forms we determined the phage production at different time intervals
after infection of both the spherical bodies and normal cells. It is seen from
the resyltaat data (tadle 1)that the F-1 phage reproduces in the protoplast-
1ike forms, although the number of phage particles is 10-11 times less than in
the whole cells. It was possible to explain such a large disparity in the quan-
tity of phage by one of two reasons: either the spherical forms dresent a less
favorable biological system for phage reproduction than do the normsl cells, or
the phage development in them is repressed by the penicillin,

Therefore in the next experimeni the development conditions for the phage
in the bacilli and in the spherical bdodies were balanced Yy adding penicillin to
the tests vwith the normal cells, As seen in tabdle 2,in a &0-minute incubdation
under these conditions the number of phage particles increased 68 times at the
expease of the bacterisl cells , and in the ‘test'vith the protoplast-like forse
18 isereased only 1) times. The low pliage productioa in the latter case oaanot
e explained bty the reproduction attrimted exclusively to the resaining cells,
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however, because calculation will show that with such an assumption the phage
production from one cell would exceed 5,000 corpuscles, which is completely
unrealistic and, as will be seen later, contradicts the results of the experi-
ments. Thus, one should recognize that the phage production data resulting
from the tests with the protoplast-like forms are limited chiefly to its repro-
duction in the spherical bodies alone. Consequently, it can be considered as
established that the protoplast-like forms that are produced by the effects of

penicillin are not only infected by the phage, but are also capable of securing
its reproduction.

For a more detailed account of the penicillin's effect, experiments were
conducted in three parallel tests: the first consisted of cells with sucrose
and MgSOy, the second of protoplast-like forms in the same medium with 50 unite
per al of penicillin, and the third of protoplast-like I._ms with 1,000 nnita/ll
of penicillin. As seen fron table 3 the phage reproduction in the spherical
bodies is significantly lower than in the cells, but the increase of the concen-
tration of penicillin lovers their phage production still more.

The effect of the antibiotic could be attributed either to a suppression
of the phage's adsorption to the protoplast-like forms, or to a suppression of
the phage's processes of intracellular development. The next series of experi-
ments were conducted to resolve this question. The protoplast-like forms were
washed from the penicillin by a single centrifugation, and were resuspended in
a hypertonic medjum without the antibiotic. To one portion of thea 1,000 units/ml
of penicillin was added directly prior to the infection, another portion was
infected without the antibiotic, and to & third portion the penicillin was
added 5 minutea after the infection with the pbage in order to exclude the
antidiotics effect on adsorption. The resultant data (table 4) shows that in
an absence of penicillin the number of phage is increased 90 tiames during a
S0-minute incubation, whereas, in its presence the quantity in~reases oanly
3-4 times, whereupon the second and third tests were practically identical.
From this it is possible to conclude that the penicillin, in decreasing the
phage production in the protoplast-like forms, affects the intracellular phase
of its development rather than its adsorption.

Taking this into consideration, in the next experiments, which were under-
taken to make the productivity of the phage in the spherical bodies more clear,
we washed the spherical bodies from the penicillin., In these experiments we
determined the phage production from single spherical bodies and from single
normal cells by the Barnet method (Adams, 1950). As seen from table 5 the num-
ber of the F-1 phage particles in a separate bacterial cell reaches an average
660, whereas the lysis of a single spherical body releases an average of 60
corpuscles. The difference in the numdber of phage particles in the normsal cells
and in the protoplast-like forms is approximately the same as in the case of
the lysosyme protoplasts (Mahler and Fraser, 1956). By analogy with the latter
it was possidble to suppose that bdecause of the dasage to the cell-wall struc-
ture lysis of the spherical bodies occurs before the phage is adle to repro-
duce in them. For a check of this hypothesis we staged experiments in which
we determined the duration of the phage developmsent in the period of two con- *
secutive generations (hy a type of two-phased curve) in the protoplast-like
forms and in norsal cells. These experiments had to simultaneously give a




eonclusive answer to yet another question: are the protoplast-like forme that
are produced by the effesct of penicillin actually distinguished froa the lyso-
syme protoplasts hy a capability to adsord phage, or can they only sustain the
reproduction of phage that has been adsorbed earlier (tabdle 5). Actually, one
would think that after 1.5 hours of the peaicillin's action a portion of the
cells would still retain a comparatively slightly altered cellular seabrane
with the receptors to which the phage is adsorbed. If the phage adsorption is
stipulated only by these cells, then they should be lysed YLy the first generation
of phage and there ghould be no second cycle. As seen from the drawving two
cycles of phage reproduction are observed in the normal cells and in the proto-
plast-like forms, whereupon the duration of the first and second generations are
practically identical both for the norsal cells and for the spherical bodies.
Consequently, the small gquantity of phage particles in the spherical bodies
cannot be explained by their presmature lysis. These tests also allow one to
eonsider ss conclusively proved that the protoplast-like forms received by
peaicillin treatment have the capacity to adsord phage, im distinction from

the lysosyme protcplasts. Their adsorption of phage attaians 50-8D %, whereas
for norsal cells it asounts to 85-90 §. '

Fros here it follows that the protoplast-like forms retain certain surface
structural components that participate in the process of phage adsorption. And,
indeed, agglutination experiments on the spherical bdodies with specific immune
serulm, vhich was produced by immsunisation with bacterial cells, showed that
they are agglutinated as high as a titer and, consequently, contain certain
surface antigens. These facts came to light in a cytomorphological iavestigatioa
of the spherical bodies by the Knaysi method for the development of the mea-
drane (Knaysi, 1941). We discovered in them the presence of doth a cytoplasamioc
seabrane and also a wall, though possidly in a reduced condition.

The results of all of the descrided experiments give a basis to conclude
that the protoplast-like forss produced through the use of penicillin present
a sufficiently suitable systesm capadle of securing a full-value development of
phage. Moreover we have shown, Jointly with Goldfar», Gorlenko, Nankinaya, and
Hesin, that the protoplast-like forms, like the lysoszyme protoplasts (Fraser,
1957), can be infected by preparations of disintegrated phage that are completely
inactive in relation to noraalcells. This phenosmenon has been reprodunced doth
on the intestinal phage T-i4 and on several other entero-dysenteric phages,
_Whereupon the"penicillin” protoplast-like forams of phage-sensitive and phage-
resistant strains oi enteric and dysenteric dacteria caa serve as the recipieats.

Conclusiong

1. The protoplast-like forms produced from eanteric bacilli Y2y the effect
of peaicillia are capadle of adsording phage, and are thus distinguished froa
the protoplasts produced through the use of lysosyme,

‘2. The protoplast-like forms are capabdle of securiag the reproduotioa of

phage, slthough the phage productiea is tea times less than that from mormal)
eolls.

3. The peaiocillin does not affect the amount of phage adsorptien, Mt
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suppresses the intracellular phase of the phage's development in the spherical
bodies. Therefore, in a study of the given process it is necessary to remove
the penicillin from the medium in which they are situated.

4. Inassuch as the protoplast-like formations are capable of securing
phage development and at the same time, evidently, possess an increased per-
meabdbility for the macromolecular substrates, their use seems expedient for
the study of the reproduction mechanism of bacterial viruses.

Received 14 Aug 1958 Institute of Biophysics of the Academy
of Sciencos of the USSR, Institute of
Bpidemiology and Microbiology im. (in
name of) N. F. Gamaleya, Acadeay of
Medical Sciences of the USSR.
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Tabdble 1
The pattern of phage production froa normal cells and froam the protoplast-
like forms.
The phage titer after (minutes) ~ Paage produc-
Test ~r—— tion (Mo of
10 30 45 60 particles per
coll)
Normal
cellsa 4.8 x 106 7.4 x 105 - 5.0 x10° 8.0x10% 196
Proto-
Plast-
like
forms 4.8 x 106 2.5 x 106 2.8 x l.&')6 1.3 x 107 4,1 x 107 17.8
Table 2

Phage production fros norsal cells and the protoplast-like forms in the
presence of 500 units/ml of peaicillin.

¥o. of Phage titer after (minutes) Phage production

Tost viable (Ro of particles
cells in 0 50 per cell)
asl

Bormal cells 3.3 x 10° 4.8 x10% 3.2 x101° 66.7

Protoplast- 6 8 9

like forms 1.0 x 10 4,8 x 10 6.3 x 10 13.1

Tadle 3

The effect of the concentration of penicillin on the reproduction of phage
in the protoplast-like forms.

Penicillin Phage titer after (minutes) Phage production

Toot concent ra- (No of particles
tion in 0 50 per cell)
unitl[:l -

Bormal ocells - 1.0 x 10’ 8.6 x 10° 86

like forams 50 1.0 x 10.’ 3.5 x ].o7 5.5

1000 1.0x 10 1.1 x10 1.1
6




Table &

The effect of penicillin of the adsorption and reproduction of phage
in the protoplast-like forms.

When the Phage titer after (minutes)
penicillin Phage production
was added 0 10 50 (Fo of particles
per cell)
Fot added 8.8 x 106 J b x 106 4,9 x 108 90
prior to 6 6 6
infection 8.8 x 10 5.7 x 10 9.5 x 10 3.1
5 minutes
after 6 6 2
infection 8.8 x 10 5.0 x 10 1.6 x 10 4,2
Table 5

The number of F-1 phage particles in the normal cells and in the proto-
plast-like forms (the single cell method).

Bumber Quant ity
Test of of phage Average
Tests
No.mal cells 32 21,190 662
Protoplast-
like foras 1 633 57.5
7




Phage reproduction rates in whole celis and in the protoplast-like forms

(in percentages from the maximums).
1 -~ Normal cells; 2 - The protoplast-like forms.




