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FLECTRON MICROSCOPIC STUDY OF THF MORPHNOGICAL CHANG'S IN INT STINAL
BACTERIA AND ANTHRACOIDS FOLLOWING THE ACTIN. OF SOMF PUFNOL PREPARATINNS
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[ Following is the translatinn of an article by Ye, K.
Skvortsova and N, P. Likhacheva, Central Scientif'ic~Research
Pisiafectant Institute, pubiished in the Russian-languape
periodical Zhurnal mikrobiologii, FEpidemiologii i immnobio-
logii {Journal of Microbioloey, Fpidemiolory, and Imsmmobio-
Togy7, Jan 1963, V.40,pp 88-91,1t was submitted on 22 Aug 1961.
Translaticn performed by Sp/6 Charles T. Ostertag Jr;7
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The study of the morphological changes which take place in micro-
organisms under the influence of disinfectants is an important step in
the perception of the mechanism of action of the latter. From an anal- i
ysis of works which kave bee¢n published on this problem (Pekhov, 1956; §
Ivashtevich et al,, 1959; Med, 1943; Minami, 1957; Salton and Horne, '
1951) it follows that the reaction of the microbial cell to the actions
of various harmful agents may be diverse,

In the present work, with the aim of clearing up the mechanism :
of action of disinfectants, we have studied the morphological ghanges é
which take place in a microbial cell under the influence of disinfec- :
tants of the phenol group. The bactericidal action of phenol and its
derivatives is generally well known., Among the substances of this group
there are preparations which show a very strong bactericidal «ffect
(hexylresorcin and heptylresorcin) along with preparations possessing a
comparatively low bactericidal capability (phenol, resorcin). 1In our
investigations we used both these and other preparations,

A suspension in distilled water of a 24.hour culture of intesti.
nal bacleria or anthracoides containinz 2 biliion microbial cells in 1
ml was placed in a solution of disinfectant. The mixture was cerntri-
fuged for 10 minutes at 3,000 rpm's, The sediment was ashed off twice
and after resuspension was deporited on a collodion film, The prepara-
tions vere contrasted with chromium vapors, Observations and photogra-
phing were carried out in an FM.3 electron microscope under an acceler-
ated voltage of 50 kilovolts.
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In order to establish the dynamics of the morpholorical changes
of the microoruanisms, the actions were - tudied of both bactericidal and
subbactericidal solutions,

in the electron micrograms, the young forms ol intesiinal hac-
teria were homogeneous., They had a uniform electror-optical density.
Upon aging thrre appeared in the cell eleciron-optical dense granules,
arranged with one or two at each pole or along the longitudinal axis
of the microbial ceil (fig la).

Following the action of a 1.5% solution of phenol the homogen-
eous protoplasm of the cell tork on a coarse-erained appearance, crum-

" oled up, and withdrew from the inner side of the cell wail which appeared

unharsed,

Increasing the corcentration of the phenol solution up to 2%
caused a sharper coagulation of the protoplasm. In some of the speci-
mens the cell walls broke down and the contents of the cells escaped
into the surrounding medium in the form of dense cytoplasmatic cranules.
The cellular membrane, being empty, maintained the Torm of the bacter-
ial cell (fig 1,b),

The action of subbactericidal 2% solutions of resorcin didn't
caused distinct morphological char-es. In the protoplasm the appear-
ance vas noted of a barely noticeable finely divided granularity which
was intensified when the concentratien of the solution was increased to
bactericidal. Owing to coagulation during this a fine granularity ap-
peared in the protoplasm. The cell wall remained unharmed and in the
form of a thin stria framed the shriveled protoplasm,

Subbactericidal 0.025% solutions of hexylresorcin caused changes
which led to a considerable polymorphism in the structure of the intes-
tinal bacteria, We treated these changes as various stages of one and
the same process. Increases in sizes were observed superficially as if
swollen from an increase in the intracellular osmotic pressuvre of the
cell. The presence of shadows, which appeared after shadow casting with
chromium, testificd to the increase of the volumetric depth of these
cells. But such cells were few. Often specimens were noted with the
entirety of the cell wall disrupted and with a clearly expressed escap-
ing of the contents of the cell (fig 1,v). Preferably this disruption
can be called disruption of the permeability of the cell wall, as a re-
sult of which the protoplasm flowed out uniformly throughout the entire
surface of the cell, The cell walls which were freed of protoplasm had
well defined contovrs and based on their lowered electron-optiral dens-
ity were different .rom the cell walls which were observed following
the action of phenol.
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Depencerative changes in the cells of intestinal bhacteria oflove
' ing the aclion of hexylresorcin were also expresscd in L coagula’ion

. ; of protoplasm -~ the appearance of a compact grain structure vith miror

contractions, The bactericidal etfect of 0,05% solutions of “exylresor-

. cin was accompanied by sharp changes of the srotoplasm hich had the

‘ nature of a fineegrained coaculation with vranules of a hich electron-

optical density.
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The action of solutinns of heptviresnrcin both in subbacteri-
cidal (0,025%) as well as hactericidai (v,05%) concentration vas manie
tested in changes of the protoplasm. The sharpest destructive changes
set in following the action of e higher concentration of the prepara-
tion. The protoplasm was contracted into a coarse-grained mass vith a
high electron-optical density. The cell wall wasn't harmed (fiy 1,g),
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The anthracoides on electron micrograms had a high electron-
optical densityr which didn't permit the observation of any kind of
structural peculiarities of the bacillus, Only the flagella were well
discernible (fig 2,a), After the action of a 3% solution of phenol
(lower concentrations didn't cause any morphological changes), a sharp
coagulation of the protoplass was observed and the cells decreased
somevhat in volume. The most natural feature characterizing the action
of phenol was the appearance in the protoplasm of sections with a low-
ered penetrability for electrons.
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The action of a 4% solutiorn of resorcin on anthracoides was ex-
pressed mainly in changes of the electron-optical density. The cell was
as if broken up, its protoplasm consisted of grains of various size and ;
electrom-optical density, the cell wall was discernible (fig 2,b), and §
individual cells broke up into fine protoplasmatic grains with a vague 3
form. The entire mass which was breaking up mintained the foram of the
bactrrial cell. '

g

Other morphological changes were observed followine the action of
a 2% solution of hexylresorcin. The cells appeared to be sharply in-
creased in volume, the wholeness of the cell wall was disrupied and the
intracellular contents were escaping into the surrounding medium in the
form of large grains. The electron-optical density was sharply reduced
and at the same time was identical throurhout the extent of the entire
mass of the cell (fig 2,v). Along with this, cells were met in the pre-
parations vhich didn't have any distinct morphological changes.
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Heptylresorcin in the form of a 2% solution didn't e¢xert a simi-
lar effTect on the anthracoides. The protoplasm remained homogeneous.
Only in individual cells was there a considerable reduction of electron-
ontical density and c¢onseguently in these places the cell was somewhat
expanded in girth,
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Thus in accordance vith our observations, pheaal preparations
caused diverse morphological changes in microorganisms vhich exeludod
the uniformity of actions even of substances which are related by their
chemical struclure. The phenomenon of bacteriolysis in intestinal hacae
illi after the action of hexviresorcin was sharplv different (rom the
breaking up of the bacterial cell after its contact +ith phe.ol, Post-
pumous changes of the cells after the action of disinfeciants, bascd on
the electron microscopic picture, didn't conform to their autolytic
break dovn folloving aging and natural necrosis,

Resorcin and heptylresorcin, under the conditions of the experi-

~ment conducted, didn't cause a bacteriolytic elfe-t, and the bacterici-

dal effect in regards to the intestinal bacillus was expressed in des-
tructive changes of the plasma content which vwere manifested more sharp-
1v following the action of 4eptylresorcin,

Various cytological reactions were observed fallowing the brief
treatment of anthracoides with the same phenol substances., Chang:es ob-
served in the structure of anthracoides following the action of each
preparation were diverse and had nothineg in common with changes of an
avtolytic natirre in aging cells.

The action of one and the same substance - hexylresorcin (just as
with other substances) - on different species of micronrganisms caused a
different picture of morphological changes of the cells which, in all
probability, can be explained by the morphnlogical peculiarities of the
species of microorganisms, As a r=neral feature in the action of all
preparations can be considered the appearance of destructive changes of
the protoplasm and as a consequence of the latter, changes of the elec-
tron-optical density of the bacterial cell. A bacteriolytic effect in
the irtestinal bacillus was observed following the action of hexylresor-
cin and phenol, and in anthracoides - following the action of resorcin
and hexylresorcin,

Considerinz the diverse morphological changes in the bacterial
cell it can be assumed that the courses of action of the substances under
stulv on the vitally important processes taking place in the microbiail
cell are various and can speak for the specificity of the reactions o*
the microorganisms to the action of the variouvs chemical agents,

CONCLVSIONS

1. Phenol, resorcin, hexylresorcin and heptylresorcin caused various
morpholorical chances in intestinal bacilli and anthracoides.

2. The morphological changes of the bacterial cell following the action
of the specified compoundswere determined to a known level by the morpho-
logical peculiarities of the species of microorganisms.
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Figure 1 (pace 89) TIntestinal bacillus

a - initial 24.hour culture; b - following the action of a 1.5% solution
of phenol; v - following the action of a 0.025% solutior of hexylresor-
¢cin; g - following the action of a 0,05% solution of hepiviresorcin.
Mapnification 14,000 x 2,

Figure 2 (page 90) Anthracoides

a - initial 24-hour culture; b - following the action of a 4% solution

of resorcin; v - following the action of a 2% solution of hexylresorcin,

Hagnification - 10,000 x 2. S
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[ Following is the Fnglish summary which appears with the Rus-
sian article;i

In electron microscopic study of morphological changes in ¥, Coli
and Bact.anthracoides after the action of phenol preparations (phenol,

resorcin, hexylresorcin and heptylresorcin) it was established that each
of these preparatioms caused various disturbancee of bacterial cell
structure, also determined by the morphological peculiarities of the
microorganism species,
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