THE PRODUCTION OF FILTERABLE FORMS
OF Escherichia coli IN FAVORABLE AND UNFAVORABLE

CONDITIONS OF CULTIVATION
A. E. Azletskaya

Institute of Experimental Biology (Director, Prof,
1. N. Maiskii) of the AMN SSSR, Moscow

(Presented by Active Member AMN SSSR N. N. Zhukov-Verezhnikov)
Translated from Byulleten® ﬁksperimental'noi Biologii i Meditsiny, Vol, 50, No. 9,

pp. 104-107, September, 1960.
Original article submitted May 8, 1959

Hitherto,the role of filterable forms of microorgan-

isms in the development of the bacterial cell and in
pathological processes has been inadequately studied.
The absence of any generally accepted view of the
structure and development of microorganisms and of the
role of filterable forms in the ontogenesis of microorgan-
isms is due to the considerable variety of methods of
production of filterable forms. The most widely held
opinion at the present time of the process of formation
of filterable forms, as particles without cellular struc-
ture and arising as the result of disintegration of cells
under the influence of unfavorable factors [1,6,7,8,9,10]
has led to the creation of corresponding methods of
influencing the bacterial cell: aging, grinding, shaking,
repeated freezing and thawing, ultrasound, the action of
phage and of antibiotics, Certain authors [2,3,5] regard
filterable forms as a stage of the *ontogenetic develop-
ment of the cell, probably reflecting the phylogenetic
history of the particular species” (G.L. Kalina), and
claim that filterable forms may be obtained much more
frequently in young cultures, growing in favorable con-
ditions,

In the present research, an attempt was made to
study comparatively the detection of filterable forms
and the subsequent regeneration from these forms of sec-
ondary strains, in both young (4-6-hour) broth cultures,
grown in conditions favorable for growth, and in old (1-
2-month) cultures with signs of autolysis of the bacterial
cells,subjected torepeated freezing , thawing and agita-
tion in a shaker,

METHOD

The material used for the investigation consisted of
Escherichia coli 844 which, after 3-4 subcultures in an
egg medium (2 yolks + 5ml physiological saline), was
seeded in a dose of 0,1-1.0 ml in 200 m1l of nutrient
medium; meat-peptone broth, meat-peptone broth with
the addition of 10% of egg medium, or casein broth with
10% of egg medium. Some of the inocula were aerated
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for 4-6 hours by the passage of sterile air into the medi-
um, others were kept in the refrigerator at a temperature
of 4° for 18-20 hours, and all were centrifuged for 10-15
minutes at 3000-4000 rpm before filtration, in order to
remove excess bacterial cells, especially those grow-
ing on egg media with aeration. After growing for 4-6
hours at a temperature of 37°, all the inocula were filter-
ed through 30-mm Seitz filters with S, F. asbestos pads
at negative pressure(~100 mmj), At this pressure the
original bacterial cells did not pass into the filtrate, as
was from time to time observed at a negative pressure
greater than —100 mm,

From the young cultures 197 filtrates were obtained,

During the parallel investigation of the old (1-2-
month) broth cultures, of which 92 were subjected to
agitatiogn for 6 hours in a shaker, and 88 (suspensions of
20 - 10 bacterial cells in distilled water) were twice
frozen (18 hours) and thawed, 180 filtrates were obtain-
ed,

Thus,altogether, 377 filtrates were obtained. In
order to detect filterable forms, 25-30 ml of each fil-
trate was seeded into equal volumes of nutrient media:
meat-peptone broth, 10-20% serum broth, broth contain-
ing 1% glucose, broth containing 3% and 5% of a filtered
lyzate of Sarcina, obtained by the method of dissolving

-washings of a suspension of 10- 10° cells in 0,5% phy-

siological saline with lysozyme [4]. The filtrates were
kept at a temperature of 37° throughout the experiment,
After different intervals of time (7,14,21 days and over)
subcultures were made on Petri dishes containing a fee-
bly alkaline (pH = 7.6) meat-peptone agar, 10% serum
agar and agar containing 3-5% filtered lyzate of a
Sarcina culture. The dishes with the subcultures of the
filtrates were kept at room temperature for 6-7 days or
longer, for the filterable forms grew very slowly.

RESULTS
The experimental results given in the table show
that the formation of filterable forms in both the young



Results of Production of Filterable Forms from Different Objects

Inumber of |Number of )
filtrates regenerated
Objects from which filtrates were obtained Aeration | ipvestigated ffl;:f;sble
Young cultures
4- hour culture in meat-peptone broth + g{ g
4- hour culture in meat-peptone broth with + 34 3
addition of egg medium (10%) — 27 2
6- hour culture in casein broth with addition 34 3
of egg medium (10%) - 40 . 4
Total 197 17
Old cultures

30-60-day broth cultures treated in the shaker — 92 9

Suspensions of 20 X 10° microogranisms in
distilled water, frozen and thawed twice — 88 7
Total 180 16

cultures, grown in conditions favorable to growth (nutri-
ent medium, aeration), and in the old cultures, subject-
ed to the destructive treatment, took place equally rare-
Iy (33 of 377). The number of regenerated, secondary
strains from filtrates of the young cultures (17 of 197)
and from old cultures exposed to cell-destructive action
(16 of 180) was roughly equal,

It may also be seen from the table that neither
aeration nor cooling had any appreciable effect on the
formation of secondary strains. Secondary strains were
grown most often (19 of 33) or meat-peptone agar with
3% of filtered lyzate of Sarcina followed by subsequent
subculture in 10% serum broth,

The growth of the secondary cultures on agar was
hardly visible to the naked eye; they appeared as bead-
like, slowly growing, greyish-blue microcolonies, which
on subculture in broth gave submerged growth in the
form of a precipitate, causing slight clouding of the
broth.

Microscopic examination showed that the second-
ary strains consisted of Gram-negative bacilli withterm-
inal swellings, or of short Gram-negative rods. Biochem-
ically,all the strains isolated were inert and did not de-
compose sugars (when tested on a small number of vari-
ous sugars),

The experimental results demonstrate that the fre-
quency of positive subculture of secondary strains from
filtrates was insignificant, and was dependent neither on
the age of the original culture nor on the conditions of
its growth, Filterable forms were obtained in approxi-

mately the same number of cases from young cultures
grown in favorable conditions and from cultures treated
with cell-destructive agents, after repeated subculture
on various media,

Of the media which we used, that containing lyzates
of Sarcina merits attention and further study.

SUMMARY

Three hundred seventy-seven Escherichia coli fil-
trates were investigated for the presence of filterable
forms. Seventeen secondary cultures were recovered
from a total of 197 filirates obtained from young 4-6
hour cultures grown on egg and egg-casein broth with
aeration, i. e., in conditions favorable for growth, Six-
teen filterable forms were isolated from the remaining
180 filtrates of old (30-60 day) cultures of the same Es-
cherichia coli strain, subjected to shaking, or double
freezing and thawing, i. e., to effects destroying the bac-
terial cell. Thus, the supposition of some scientists, that
the number of isolated secondary cultures depends on
favorable growth conditions of the initial culture, was
not confirmed by our investigations.
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