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VARIABILITY OF 2n7H)5 X100 ICuOOKIANISHS

- $eS, Zaknurova

The problem of the variability of mthorenic microorzanisms
implies a larze numoer of vheoretical and practical questions,
Soviet miscrodlolorists study dhis problem in all its aspects,
They are seekinz a solution to, theoretical quostions important
to general bislozy. They alse seck to use the results acquired
in apractical way acainst infectious diseases as it concerns
diagznqgtic bmctericlozy, specific prophyiaxicz and treatment.

< .
NS S, S report,?/considers Wtwo cuestions which have been
studied on a larze soale and w'th success in the laboratories

—our-institute, notavly the cuestions of formation of bacteria
resistant to therapeutic substances, controlled variability of
minsroorzanisms and the formaticn of spscies.~

Lately *he problem of medicinal resistank of microbes is
drawinzy attention particularly of microbiolosists as wellss
of clinicians,

The capacity of bacteria to scquire resistance ezainst
antiseptic sudstances was shown for the first time by G. Kcssjiakov
in 1887, " In his experiments Bacillus anthrax, Becillus subtdlis
and 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 phenomenon
with arsenical preparations in the treatment of mice infected
by tripanasomes or spirochetes.

A series of researchss has shown lately , during the period
of the development of chemotherapy of ‘acterial infections that
it is possible to obtain experimentally forms of different
wacterial species resistant to sulfamides and antibiotics. Other

: research has shom that it is ajiso possible to isolate these forms

of the disease treated with these preparations. One cannot explain
the mechanism of the appearance of resistance, since the intimate
machanism of antibacterial aetion of antibictics s not yet
conpletely unders tood,

Nevertheless the wrrect manrer of conditioning the formation
of resistant bYacteria, from ths point of view of general biology,
is of great interest not only theoretically but also fram the '
point of view of organizing correct measures for anticipating
+his phenomenon,
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O - In this sense Profosgor Troitski, Perchina and others have
_carried ou% very interesting research in our institute. These
studios havo shown that med- cal rosistence of bacteria represents ‘
a partlcular .case of thé. general b1010~1co.l lew « capacity of oslls,

to accustoln thomselves and adapt to un“avorablo fectors in the
culture medium,

Al

In o bacterial population of B, coli or staphylococeci
. without @ bacterial cell resistant to penicillin or streptomyc:.n
vespectively, the esuthors. obtained hactorial forms resistant
to the antibiotics throurh a la.n" ted number of rassages on medium
‘gontammo; -the- am:lb:.oulc. This research snovis that the creation
of bacterial forms resistant to antiosiotics is equlvalent to
the influence of the exterior environment which leads %to hodifiecation
ofr tlie matabolism, Yecoming hereduarzlj fixed. They contradict
the beliefs of some 'scholars concerning the .origin of bacterial
forms resistant ts. therapeutic subs: tances by means of spontaneous
mutztion,

In order tostudy the mechanism of lysis of .mic-obes under
the actim of penicillin, as vell as- to observe the dynamics of the:
formetion of resistant bacterﬂa, the soviet authors aboyc-'nentzoned
Lt have made & m1crophonorraph of’ the preparatfiions niade,
. Thev protozraphs have: reveal’cd the mechanism of lysis of
O, microbes under the influence of penicillin., It is apparent that
" - the precess develops m the following manner: the -elonzated microbes
Torm. a thickening in the middle of the oell which gives them a
f‘usii‘orm chape, during the enlarvement may appear nonco*ni‘ormlty
‘between the in tracellular pressure of cy‘yoplasm and the capacity of
the cell membrane to stretcn, the membrans thins (first -at the
poiht of enlargement :of the cell) springs out azain forming a
spherical swelling which is filled by the liquid content oi‘ the
bacteriel cell a.nd is: torn at the moment of further increéseof
ints acPllalar pressure,. The ontent of the cell bursts from the
tear in the mombrahe and there remains of the btacterial cell only
the stromsa, ha.vmv ‘the appearance of a pale ‘shadow which i'eebly )
refracts t}*e li(, and- conserves the-.contour of the destroyed cell.. ;

Figure X reproduces: the isolated oa‘clmes of the part of the
£ilm where lysis .of the B, coli is represented under action of
penicillin, Figure 2 renresen“cs the outldines of £ilm showing
the process of budd.ng of the maternal cell, the dauohter cells
which begin to ve divided normal ¥ and give ths generation of
forms of B. coli resistant %o pen:.c*ll:.n. -

Vie have observed tho -seme conformity to law in.ancther

. morpholozical manifestation of the death of the microbial cell

; du*mg the action of other antibiotics and sulfamidine preparations
on miercods of the inteséinal group. Thus, frem a bacterial colony
of B, 'coli or of staphylococci not cor‘bcc?ninf bacterial cells

O resistant to penicillin or streptomyecin it is possible to otbain
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‘ forms of tho microbe resistant to & hih concenvration of tne
wbove-merticned antibiotics by means of & minimum number of passejes
on the modia containiny the aniibiotics, As a conscquence, contrary

. to the conceptions of researchors who consider th&t microbes with
‘therapeutic resistance ars products ol spontaneous mutacion,; it has -
been proved that antibiotic resistance is an acouirad characteristic -
in bacter"’ 1 cells wader he action of sub-bactericidal doses of :
the antibiotic.

Bacteria under the influonce of the antibiotic become not.
caly. more resistant toward this svbsitance, vutb this newly
acquired characteristic is wrwsmicted from one generation to the
other as horeditary, thus tharc may appeer & stock of bacteria .
resistant to penieillin. -

[

This research has also mrde clear the morpholozical
manifestations of the mechanism of the formation of bacteris
rosic ~mb Yo venieillin, I. . . saniished, by means. of phove wid '
ch serv f“‘:.on, that the bacterial cell sensible ‘to penicillin,
reacting, by modification of its initial form to en oloncated fusiform
and by “etardmrr of its sezmentation under action of penicillin,

. detachss a da,ughf’:er cell resistant to penicillin, which gives
in the ourse of later segmeatation, & genoraticn of ‘w.c*‘emal forms
resistant o pcnzclllm. Thus, "be data of morpholcgical research

) represents a demonstratlve examnle of the hercd ity of acquwred
O charactems’c:cs.

Study ‘of @ixzxikzdx controlled veriability of microorganisms,
learning the laws of mechanisms determiring this phenomenon
have certainly a gre-wt importance from the theoretical and praétical
point of view, On the solution of this problem depends the solutim
of theoret:.cal questions in general biology concerning heredity
and veriability, evolution of microerganisms, genetic possxbll ties,
and reclprocal relatlons of microorganisms, information on species
and processes of formation of spscies in the world of microorganisms.,

The problem of ccntrolled modificaticn of horeditary properties
of nucroorban:.sns and obtaining, thanks to that, of varients which
mey be used in the interest of humanity end in particular in the
fight agaihst infectious diseases, is not new %o bhe microbiologist.
This problem has concornsd researdhers during the whole history
of this science,

Pastewr, Mctchnikov, Tsenkovski, Vinogradski, Omelianski,
Gama leia and others not only expressed the idea of camtrolled
: modification in the nature of microves, dut performed determinative
. sexperiments. Thelir research -elaborates certain principles of
preventive vaccination and concerns o‘o’calmng vaccines which ’
have not lost their strength in the besrer (vaccine azainst rables,
~ anthrax ete, ) -
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Lavely sovict microdbiologists have done research which gives
the possivility of clearin; up certain laws and causes determining
the processes of variubility and the formuwtion of specics. Their

+works enavle us Yo draw certain cxclusions of a general nature
concerning this probiem.

Permit me to dwell on some problems which here great
importance from my point of view,

4 series of experiments having zreat importance from the
point of view of general biolnzy on the study of modificaticn
and transformation from one species of microbe intn another, was
perftofmed by Zilver (1528), Xrassilnikov (1941-1945), Faraleia
and Grateheva (1926),. Lenskaja and other authors.

: Cultivating Procteus vulgaris in e sack of colladium ’
intrrduced inbo the abdominal . - '‘y of a guinea pig infectcd wu

the rockettsia of exanthemaiie tynius, Zi" ber cbtained a culture wi th
%he sgrological characteristics of Provatzeki which a wlutmauod

for the serium of a person tainte.’with exanthematic ‘cyphus also

to proteus 19, This stock B. proteus kepts its modification

of above-mentioned properties for 19 years,

. Krassilnikov has stated that leguminous mizrobes of melilot,
) vetch, alfalfa and others provoke further the development of
O tubercles on the roots of the alfulfa, Several strains keep
these properties.- for & months.

Cul tivatinz B, coli ifi Tirode liguid deprived of mitrogen,
containing ki lled microbial cells of Salmenella Bresidau,
Gratcheva “who did his research under the direction of N,E, Gamaleia

ooserved a ouccessive transformation of B, coli into paratyphoid
bacillus -of the Breslau type.

Thes.e works began to be developped more intensely in 1948
af'ter the known session of the Academy of Agricultura}l Sciences:
{lenin), Our laboratory (Zakharova, Sviridova and others
the laborxtory of Proféessor Timakov (Xoudlai, Semtcheva: 9.nd others)
porformed research to the end of elucidating the laws of formation
of bacterial spocies of ’mjxe intestinal-typh q:.d group and in the hope
:of find ng methods of guided modification of microorgzanisms
in new forms useful to man.

. .

Conforming to the studies of U.V, Mitchourine, T.D: Lysenko
cad their collaborators who have prowed the possibility of formatiow
of new ppecies and forms of plants, the rescarch allows us %o
consider this law proper also 1o microorgenisms,

2. sing their research on the essential principles cf
ifitchourine?s biolony, according to which variations of ths animal
~ vody cccur due to devistion from tre norm mr the type, of assimilation
U/ and dissimulation,and due to modification the tvpe of metabolism,

the researchors crcated conditions of nutrition for the microoes
by which ndtural cells are distinguished from ladoratory cells.
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As plastic substance introduced artificially in the process
of metanolism of convrolled bacteria, they \.sed microoial bodies
killed by heat, as well as nucleoproteides, complete anticens,
desoryr:.oonuc"e:.c acid and autoclavea filtratos of bactoria of

“tho occntrolled specics™ which were added to the synthetic medium
(Tircde ligui id), denr:.vec of other sources of nitrozen.

Cultivating 3. coli on the product of  disintejration of
Broslau's pare tvpho il buctoria, Cnothullur's paratyphoid, and
abdominal typhus, they suceceded in obtuinirngz stable varisnts
with fixed hnr.edita'*y characteristics, peculior to these
bac'cem'\l recies, ani on the other hsmd during cultivation on
producdss of dis ....te ration of B, coli tne n-‘xra*cyp}‘ozd microbes
asquired chamc‘.er”s..:.cs of B, coli., On cultures with characteristics
of the controlled spécitts ir these conditions, they obtained név‘z,
forms of icrocrganisms named “allfe..u. formers™., Ordinarily they
o.ppeared in the 3-4 zeneration; if tlre cu’*an.vg.tn.on was effected
uics Lorated condl**bns the alkali formers were reraly manifest,
.They resemble eclmost en-,:.v-ely d‘.e bacterial spocies kmovn in
nicrobiology as F, alca.l:.'-anesé which certain authors relate to .
another genera of vacteria, ’

i

The first modifications of the properties of microorganisms
at the time of these experiments apreared at cthe 4-6 pascage.
At the 10-17 passazo the microbe undergoing modificatien acquired
the majority of properties end characteristics "of the centrolled
culture", 3ut at the end of this period, the characteristics
newly acquired are not yet fixed in g stable manner, In this period,
reversicn ~ return to the initial form - cen be accomplished eas:.ly.
The newly acquired properties are fixed in a stable menner at the
end of different terms, which epends on the specific propsrties :
of the culture and the strains which undergo this exner;cnce as ’
vell as the conditions of cultivation of ’che microve,

Af'ter the formation of a new spscies of microorganism-a
pz:ofound modificadion is produced in the character of the orocesseés
of assimilation and dissimilation ~ the hereditary propcr‘.:ies of
the microorgenisms “"are shakén™. In this period quentitative .
modifications ars produced, 1lmch accunulate in successive genershbions
of microbes and finally they are succeeded in an 1*ref~ular maxrner
(in leaps) by qualitative modifications 'In.ch are heredi‘w.rlly fixed,
conforming to conditicns in the chinged life 52 ths microbess

This conception is confirmed by the modification of ths:
biochemical properties and especially by serological properties of
the microvos, These preperties reflect in the most exact marner.
modifications of the proce sses cf metasolism ard »iosynthesis of
the microbial cell, It has been established from these cxpsriences
that microorganisms of the intestinal group modified in a cmtrolled
meimer are a;rlut:.nated during the first passages (up to 12-14)
by the homolo;ical serum, by £ho hote.vl o3 ~al serium of the
¢ontreolled culture, and by the serum of Malkali formers"
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The culturcs obtained during this periocd have zréat serolog,lml
poJ.yafrrlutma.bilmy, they }nve different rroportics frim the microbes
used for this experiment. The characteristics revealeii prove

pkofound modificaticms, which are projuced in the meta ooiism as rell

as the biochemical structure of the bactoria, buk the stable horedztur.;-
fixation of these modifications is prcducod much later.

' Aa can bo seen on fizures- 3 and 4 the precesses of &3 lubinaticon
already have another eharao\.oris‘aio st the 16-1¢ pnsavse, At thia
time the "antiserum" sgpzlutinability of the ccitrolled culture
hecorws more. int ense, out the titre of agglutination with the
homolorical antiserum of the cultu re re undera-omn' modlficatz on,
‘dirdnishes rapzdly. -

Durmv thxs pericd, as. a rule the microbial spocies. newly,
formed re"eived all the biochemi al properties of ths controlled
cultire, One observes - some{:m.nb ecusl Lo a Werisis™, a jumg,

‘ufter ‘which-the proper’cles and .characteristics acquired are
- hereditarily fixed.- The -duration of the process of formation of

spocies of differsnt microbes is not identi cal. Thus from:
cultiva.t* @ of B, coli in medium oontaining bacteria of-Breslau
pzratynhoid killed with heat, the process of formtion of spocies
terminated at the 15-17 passage, ~If one uses, under analogous

- conditions, a cémbinatim of B, ¢oli with bhecteria of abdommai
-typhus, it terminates at the 25-35 pa.s'sa'*e, since witk. bacteria

of ‘Fleksner dys entery this ‘process is 1on{:er. Cons equently
ths tmnsformation from one -species of microbve into another .occurs

. 88 a struggle betveen the new and the old, when theé old tas a tendency
~ to reccns titute itself under the canditions of the new which is

formed Thls process is extraordinarily connlicated.

In the process of formaticn 6f & specieg there is revealed -

in a precise.rarner the mtagonistlc reletion between the old and,

the new spocies which is. bom., The new spe*cies shows itself nore
capable of adapting to new qualitativo conditions .of existance

than ths old, 8o to speak, the new supplants the old.. The new

successfully coincides with the old, %ecomas antagonistic. tovard
it. In figures 5 &and 7 one szees the compativle: i sToirth of B coli
end "alkali formefs", artificially produced, The lest "bite" so
to. speak, destroys the culture..of 84 colis F.-.gvv-e ‘7 illustrates

© o greater viabilitj of the species vh'ch is: beirg dorn in

comparison with the old, One sees (n this Tigure the correlation

“of the number of colonies of B. coli and of" the ispecies Tormed.

The f:.;rure shows that with the au_c-xr@{:atzom of riumber of rassages,
the quantity of colonies with modified characteristics is
increased, which supplants the old colonies lessz .adapted to

new ccnditions of life,

As differert as may be the faciors on which depend the
nodli‘lca.t:.ons of hereditary propertiss of microsrzanisms, the
ssertial cause is modification of the processeis of o.ssrn.latvon
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and dissimilation, the.modificarim of the character of
metabolism, Our task is to.elucidate and study in a sericus
wey and ir &1l aspaets, the r\gchanlsn cf’ metibolism which,
ocour in process of medificaticn of midrobiel vroperties and
which conditicn the lew of formeticn of spocies linked w;i;h tha
original conditions of 1ife., All this will =zive us the
possibility of cwntrolling modificatims of the properties of
microbes in éach case acc.mi:.nv to tle wish and desiro of the
rescarcher,

The happy solution of these :questions will eneble us to
solve with success the probiem of “specific prophylaxis of
several infectious diseases. Thus the exclusively henorary
and nohble task of licuidetion of all epidemic disosses, which
is pres nted 4 soviet research, will receive a reéal basis for
accomplishmants,




