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~~Q) ~~~VILRL'DJILITY OF :I1.rM:),;__:YIc .icV oirIs
- U.S. Za harova

The problem of the variability of pathqenic nicroorganisms
implies a lar;e number of zheoretical and practical questions.
Soviet miorcobiolo;ists study this problemn in all its aspects.
They are seekin- a solution to, theoretical quostions important
to a-neral biology. They alstj seek to use the results acquired
in a ractical vay a!ainst infectious diseases as it concerns
diagnti bacteriology, specific prophylaxis and treatment.

- report.ItconsiderS lo questions which have been
studied on a large scale and vrth success in the laboratories
s--eai-im ti-tte, notably the questions of formation of bacteria
resistant to therapeutic substances, controlled variability of
microorganisms and the formaticn of species.-

Lately the problem of medicinal resis of microbes is
ritae o icoesi

drawing attention particularly of microbiologists as well 9 a
of clinicians.

The capacity of bacteria to acquire resistance a-ainst
antiseptic zuustances was shown for the first. time by G. Kessjiakov
in 1887. " In his experiments Bacillus anthrax, Bacillus subtilis

1and other microbes cultivated on media containing increasing
concentrations of boric acid, mercuric chloride and borax
became more resistant to these substances.

Twenty years later Erlich described the same phenomenoni with arsenical preparations in the treatment of mice infected
by tripanasomes or spirochetes.

A series of researches has shoya lately , during the period
of. the development of chemotherapy of acterial infections that
it is possible to obtain experimentally forms of different
bacterial species resistant to sulfamides and antibiotics. Other
research has shown that it is a~so possible to isolate these forms
of the disease treated with these preparations. One cannot explain
thd mechanism of the appearance of resistance, since the intimate
mechanism of antibacterial action of antibiotics is not yet
completely unders tood.

Nevertheless the orrect manner of conditicnirm the formation
of resistant bacteria, from the point of view of general biology,
is of gr:tt interest not only theoretically but also from the
point of view of organizing correct measures for anticipating
this phenomenon.
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- In this sense -Profbssor Troitski, Perchina and others have
carried out very interesting research in our institute. Those
studios havo shown that medi cal iesistabce of bacteria represents
a particular case of th& general biologidal law - capacity, of oells.
to accustrn themselves and a dapt to unfavorable Tactors in the
culture, medium4

in a 'bacterial population of B. coni or staphylococci
without it bacterial cell resistant to, penicillin or streptomycin
respectively, the authors obtained **,cterial1 fois rcsistant
to the anti'Piotics through a limited number of passages on medium
oonta-ini -the- antibiotic. This research shows that the creation
of- bacterial forms resistant to antibiotics is equivalent to
the influence of the exterior environment which leads to modification
of- the irtab olistn, becoming hereditarily fixed. They cbntradict
the beliefs of some scholars concerning the- origin of bacterial
forms resistant t6 therapeutic subs-tances by means or spontaneols
mutxtion.

'In order tostudy -the meohanism of lysis of mic-obes under
the, acti'a of penicillin, as well as to observe the dynamics of the-
formtion of resistant bacteria, the soviet authors aboyc-mentioned
have made a microphotograph of' t ea io de.

The photographs have reVeaied the mechanism of lysis ofQ microbes under the influence of penicillin. It is apparent that-
the pidcess deve-lops in the following manner-: the elongated microbes
form a thickening in the middle of the cell which gives them a
ivsiform shape, d4uing the' enlargemeht may appear nonc6mforinity
between, the intracellular pressure of cytoplasm and the capacity of
the cell meirbrane to stretch, the membrane thin (firstat the
point of enlargement of the cell) springs out again forming a
spherical swelling, which is filled by the liquid cohtent of the
baterial cell and: is, torn at the moment of further increaseof
intracellular pressure. The ontent of the cell bursts from the
tear in the membrae and there remains of the bacterial cell only
the stroma,, hving the appearance of a pale -shadow which feebly
refaats the light and- conserves the contour of the destroy d ell.

igure 12 reproduces3 the isolated outlines of the part of the

fili..-where_ lvis of the ., 0o1i i e-sented-., under action-'of
penicillin. Figure 2 represents the outlines of film howin6&
the process of budding of the maternal cell, the daghter cells
which berpn t6 be divided normally end give the geneiat'on of
forms of' B. coli resistant to penicillin.

We have observed the6-ame corformiity to law i. another
mornhological manifestation of the death of the microbial cell
during the action of other antibiotics and sulfamidine preparations

on micrcbds of the, intesdLinal group. Thus, from a 'bacterial colony
of B..coli or of staphylococci not cornttining bacterial cells
resistant to penicillin or streptomycin it is possible to otbain
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forms of the microbe res iatart to a hi,-h concon-uration of tra
aljve-er-icned antibioticsn by means of a minimura~numbrofpsae

on the media c')ntaininv the antibiotics. As a consequence, contrary
to, the 'conceptions of researchers who consider thtt 'microbes writh
~therapeuti.c resistance aro products c'stnofus Lua., itha
been prdvpd6 that antibiotic resistance is an acouired, chracteristic
in bacte rli al cells under -be actiorf of sub-bacteri'cidal doses 6f
the antibiotic.

B,,ctcrin, under the influonce of tho antibiotic become not.
only. more resistant toord thipz subs tanco, but this newly
acquired chara cteiistic, is t'sitdfrom one generation -to the
other as horeditary, thus- thr-re =ay appear a stock of bacteria
resistant to penicillin.

This research has also imrde clear the morpholozcal
manifestations; of the mechaniz" of the formAition of bacto:-*,n
ros--7 -n4, to _oiclir. Iishod, by n _ans, of photo Wad
cb so.-tation, that che bacterial cell sensible to penicillin,

rectn b odificati6n of its initial, form to an olonc-ated -usiform
and~ byrtadn of its segmenta tion under action of penicil1lin,

detaches a daughter cell iesistarit to penicillini, which C~ives
in the ourse of later se-mentation, d r-eneraticn of ,bacterial, forms
resistant to -pqnicillin. Thus, the data of morpholegcalrsac
represents a deosrtv example, of the heredity of acquired
characteristics.

Study bf rixzrtzx controlled variabili ty of microorgaylisms,
learning the la~ws of mecha ' sms determining this phenomenon
have certainly ,a mre~tt importance from the theoretical and pra~tical

poin of icw.Or the solution of this problem 'depends the solutia±
pon thofeicw. qUtonsI in general, 'biology concerning here'dity
and variability, evolution of microorganisms, 6ene~bic possibilities,
and reciprocal relations- of microorganism~s, intormatiofi on specoies
an4 processes- of formation of' species in the world of microorganisms.,

The problem, of ccntrolied moifidatifz of hereditary proper-ties
OA microorganisms and obtaining, t,,k to ant, of -varimnts which
may. be, used, in the interest of humanity and in particular fi the

of thissciethe

?ast4-eur, Lictchnikov, Tsenkovsk i, Vinog radski, Omelianski,
* Giamaleia an~d other's not only-ex-pressed -the idea of caitrolled

modification in the nature of mcrobes, 'but performed determinative
- ,expe rim~ts. Theilr research -elaborates certain principles of

preventive vaccination and concerns obtaining vaccines wrhich
-hav e not lest their strength in the' bearer (vaccine a,,ainst r abies,
anthrax etc.)



Lacaly soviet microbiolo,;ists have done research which -ives
the possibility of clearin up certain laws and causes determininT
the processes of variubility nd. th for*ion or sissies., Their

*works enable us to draw certain cnoelusior.s of a general nature
concerning this problem.

Peai-t me to dwell on some problems which hare groat
importance from my ppint of view.

A series of experiments havin" great importance from the
point of view of general biolo-y on the study of modification
and transfTormation from one species of mi'cfzobe into another,, was
peraofmed, by Zilbei ( S28), Krassilnikov (1941-1§46),, 'llaleia
and G'ratcheva (1946,),, 'Lenskaja and ,other authors.

-- Cultivating Protous vulgaris in a sack of c6l1odium
intra'buced into the abdominc- , y ! of a guinea pig infectcd
tau rckettsia of exanthmax-o yuZilbor obtained a culture with

the sr61oZical characteristics of Provatzeki %11iidh agglutinated
for the serium of a person tainte,_with exanthematic typhus, also
to proteus 19. This stock B. proteus kepts its modification

of above-m-tioned properties for 19 years.

Krassilnikov has stated -hat leguminous microbes of melilot,
vetch, alfalfa and others proioke further the development of0 tubercles on the roots of the alfalfa. Several, strains keep
these -properties- for 5 months.

Cutivating B. coli in Tirode liquid deprived ofnitr Sen,
containing killed microbial cells of Salmonella Bresaau,

-Gratcheva who did is research uider the direction of N.B. Gamaleia
oibserved a successive transformation of B. coli into paratyphoid
bacillus -of he Breslau type.

These works began to be deve lopped ,aore intensely in 1948
aiter the knoivn session of the Academy of Agriciltural Sciences
klenin), Our laboratory (Zakharova, Sviridova and others),
the labor-tpry of Professor Timakov (Koudlai, Santchevaand others)
performed research to, the end of elucidating the laws of formation
of bacterial species of the intestinal-typhoid group and in the hope
:of find n methods of guided modification of microorganisms
in new forms useful to man.

Conforming to the studies of U.V. ,itchourine, T.Di Lysenko
-ad their collaborators w;ho have proved the possibility of formation
of new ppecies and forms of plants, the research allows us to,
consider this law, proper also to, microor-;anisms.

3 sn their research on the essential principles cf
i ,itchourine 's bioloz.y, according to which variations of tha animal
body occur due to deviation from the norm for the type, of assimilation
and dis imuiation,and due to modification of the type of metabolism,

the researchors crcated conditions of nutrition for the Aicro)es
by which natural. cells are distinguished from laboratory cells.
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As blastic substance introduced artificieally in tha process
of metaoolism of controlled bacteria, they used microsial bodies
killed by heat, as violl as nucleoproteides, complete anticens,
desoxyribonucleic acid and autoclavoa filtrats of bactoria of
'tho ecntrolled snecies"' which w:.ere added to the synthetic medium
(Tirode liquid), deprived of other sources of nitro~en,

Cultinatin,; 3. coli on the product of, disinte-ration of
Braslau's ptnratyphoid b:tctoria,, Chot-ull .'s paratyphoid, and.
abdominal typhus, th.ey succeeded in obtaining stable variants
with fixed hnreditary characteristics, eOUlzar to these
bacterial sprcies, and on the other hand, dur nig cultivatimc on
produ.ts of disintegration of B. c6li the paratyphoid microbes
acquired characteristics of 3. coli. On cultures with characteristics
of the controlled snecibs ir those condiltions, they obtained new,
forms of 4icroorganisms named "alkali formers". Ordifrily, they
appeared in the 3.4 generati6ni if th-e cultivation was offect-ed
u-i;.- .orated conditions the alkali formers v:re rarely manifest.
,They resemble almost entirely -&e bacterial srecies L-ov'.n in
microbi-ology as F. alcaligenes ' ihich certain authors relate to
another genera of bacteria.

The first m6dificati6ns of the properties of microorganisms
at the time of these experinents appeared at rhe -1-6 pasnage.
At the 10-17 passage the mic robe undergoing -modification acquired
the majority of properties and characteristics "oF the controlled
culture". But at the end of this period, the characteristics
newly acouired are not yet fixed in a stable manner., In this period,
reversion - ieturn to, the initial farm - can be accomplished easily.
The newly acquired properties are fixed in a stable manner at the
end of'different terms, vehich epends on the specific prorerties
of the culture and the strains which undero this exzusrnce as
well as the, conditios of cultivation of the microbe.

After the formation of a new species of microorganism a
profound modificaFion is produced in the character of the processes
of assimilation and dissimilation - the hereditary properties o
the microorganisms "are shaken!. In ris period qua titative
modifications are produced, which acciulate in successive oene rations
of microbes and finally they are succeeded in an irregular mnaer
(in leaps) by qualitative modificationsvhich are herditariIy fixed,
conforming to conditions in the !.. ... o f the micerobes.-

This conception is confirmed by the -modification of the;
bdiochomical properties and, especially, by serological properties of
the microbos. These properties reflect in the most exact manner-
modifications of the processes of metabolism aid niosynthesis ofthe microbial cell. it has been established from these extriences

that "icroorganisr-s of the intestinal group modified in a con trolledmannn'r are a;,lutinated during the first passages (up to 12-14)

by the homol6-ica'l serum, by the hoteLoloq:' -al serium of the
"ontrolled culture, and by the serum of fkali formers".



-6

The culturs obtained du inw thiis period have vr3a t serolog'ic'l.
polya-'-lutinability; they Inve different properties frin the mi. robbe
used for this experimnt. the characteristicoa revealed prove
-Po-"undtLO modificatico, %which are produced, in, the me-t o.L5.smas rll3
as the biochemical structure of tho bacteria, but the stable horqditury-
fixation of thiese modifications is produced much later.

~A can be seen on f krure s- 3 anid, 4 the processes oP .ltinin
already -have another ohactoristido at thea Al)-4I MoUe Atills
+iri th 'n ervm" aggiutinability of the ccntrolled- culture

becmesmor. ntens 6, but the titre, of ag.lutination, Yith 'the
hornolorical. antiserum of tlhe culture undergoin moificion
'dirtinishes rapidly.'

During 'this per i o, as. a rule,, the, microbial specdies, newl *
foriwid receiv 6d 04J the- biochemicoal pro-pertie,s'of the controlled
culturte. One observes-something, equal. to a 4,crisis"-' a jiunp,
*fter'which.the properties and -characteris-tics acquired are
*hereditarily fix ed. Thdrton of the porocess of formation of
snsooiezs of -differ'ent miciobes is not identi!=l * Thus from',
cultivati ca of 13. ccli in imedium containing,. bacteria of - Bres lau
paratyphoid, killedw~t heat, the process oT Xormatkon of stdocies
terminated at the 1,5-17- psqs a- e. Ifonises, und-or analogous
conditions, a c~binatici of B3. coli with baeteria, of abdominal
typhus, it terminates at the 2-5passag-e, sihce with, bacct ria,7 0of 'Fleksner dyi enteiy 'this process 'is longer. Cons equentJly
the transformation from one 'species of microbe into ano-ther- occurs.
as a 't -ru~e emi the new -anid the ol, whea the old -has a tendency
to recns titute itself ',under th6 ccad~Itioiis cif -the new which is
for=,d. -This -prqcess is extraordinarily comlicated.

in 'the process of' formation 6-f a species rthere is revealed
i-a pre-cise manrxner the antagonistic relati-on between the old and,

the now species which is. Dorn., The new species shows itself more
- ' capable, of'sadapting to new qualitative cond:itions of cxistance

than tha old. So to speak, the new supplants tthe- old., The new
successfully coindides with tUhe old, %ecomes antagonistic, oard
it. , fiuros -5 it 7 one sees the compat'ible. 6gio'th of B. coli

and, "alkali fqrinaj-s" artificially produced. The last "bite" so
_t to, sue ak. de4trPvs t-he -culture ;.f 3., ccli. Pigtire '7 illustrattes-
-a greater viability of the 'species whch is obeini bporn in

comparison with the c-ld. One- s-ees -czi this !figure the c6rioelation
-of the number of colonies of D' ccli and of'the cspacies formied.

The -figure shocvs that. with hearettion of riumber of pas sages,
th qatt of colonies *wIth modi fied charactezi stics is
invcreased, which supp~ants the old colonies lesz adnipted to
now ccnditions 'of life.

As differen t as m ay b'the factors on which depend the
modifications of hereditary prope rties of'"micravr,,-anisz-ls ,the

ossutialcause is mcdificastion of the processelz of assimilation



and dissimilation, themodificaticn of the charactor of
metabolism. Our task is to elu-cidate and study in a serious
way and ir all aspects, the mrchanisn of metabolism which,
ocour in process of modif-caticri of microbial rropertis and
which condition the law of formnaticn of snoctes linked with the
original conditions of' life. All this '.ill rive us thD
,possibi-lity of ctntrol-!ing modificatims of the propo:ries of
microbes in -each case accoidin* to the wish and desiro of the
researcher.

The happy solution of these questions will enable us to
solve with success the probien of specific prophylaxis of

several infectious diseases. Thus the exclusively hcnorary
and noblo task of licuidation of al1 epidemic diseases, which
is pres nted tb soviet research, %,,I receive a :real basis for
accomplishmjt.
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