UNCLASSIFIED

AD NUMBER

AD842896

NEW LIMITATION CHANGE

TO
Approved for public release, distribution
unlimited

FROM
Distribution authorized to U.S. Gov't.
agencies and their contractors;
Administrative/Operational Use; SEP 1968.
Other requests shall be referred to
Department of the Army, Fort Detrick,
Attn: Technical Release Branch, Attn: TID,
Frederick, MD 21701.

AUTHORITY

BDRL ltr, 13 Sep 1971

THIS PAGE IS UNCLASSIFIED




:
i
V N ¥

R O SRR VR J oo Ko . s i o e et e o bino e

] ]
-«

0y

TRANSLATION NO. / P -3

g
DATE: Sﬁé«vL /96

AD842896

E’\

149
Ve

PDC AVAILABILITY NOTICE

STATEMENT #2 UNCLASSIFIED
This document is subject to special export
contrals and each trensmittal to foreign
Jovernments or foeign nationals may be made
oty with prior approval of Dept. of Army,
Fort Detrick, ATTN: Technical Release Branch/
TID, Frederick, Maryland 21701

DEPARTMENT OF THE ARMY
Fort Detrick
 Prederick, Maryland




s TR R O R
o T

THE PRO3LEM OF DEVELOR:IWNTAL STAGES OF GROWTH OF
MICROORGAN ISMS

by N.-D. Ierousalimski

In a study of the action of exterior factors on vital
fanctions 1% is commonly admitted that there exists between them
a constant dependance, characterized by thres points: minimal,
optimal and maximal, Such a simple cacertion is not alvays
justified, ‘There is nothing astonishing in what there may be
in microbiolorical literature of numercus contradictory contributions
on the mibject of the influence of conditions of surrounding envirament
on the process of metabolism, growth and development, and notably
on the subject of causes of formaticn of spores by bacteria.

‘These provlems, as well as certain others thich are not clear,
are easily resolved in the light of the theory of stadiel develcopment
studied by soviet biologists, Conforming to this theory all '
ontogene cic development graversss a series of consecutive stoges
where the following staze cannot begin until afger the completion of
the preceding stagze, Each staze implies certain specific conditions
of medium, without which they cannot go on. In the same way
specific cmditions are necessary to the formation of each structure.
or function of the orgsnism, All these ocmditions aetermining the
progross of ontogenesis are the same to which the species in question
has adapted itself, in the process of phylogenesis, Apart
from these oaditions indispensable to its ontozenetic deve lopment,

the orgenism is influenced by the action of other factors which modify
the time of its growth and development,

By growth is understood the inorease of the living mass of
the organism, independent of the structural composition by means of
which this growth is produced, This is why there is no permanent
liaison betwsen the process of growth and that of formatimn of one

or enother structure (that is to my the development of the organism). -

Undor the influenoce of oculture medium either the rate or extent of
growth can be modified, singly, or-the tempo of develoment alone,
or yet azain the two together; (the agoeleration of growth may be

_mcoompanied by a slowing down of development, and vice versa), In

order to state the influence of exterior conditioms on the organism

it is very necessary to take account not only of the rate of the _
process of growth und development, but alsc of the relation existing
between these processes, This relatim is charaoterized by the degree
of development (stage of onto?enuis') sttained by the organism for

a cortuin Imxgik living maso

"intensity of maturation® of the orgsmnism.

.

independent of time), ¥e oall this relation




The opinions stated hereahove refer entirsly to

microor;anisms. Let us examine as an sxemple the problem of spomu- -

lauticn in butyric bacteria, Their evolutionary cycle bezins with

sermination of the spore,  The structure and physiological functions

cf the vejetative cell are modified after several diwisiens.

In the 'nl ist of its protoplasm is deposited the granulose which
turns durk violet with iodine, Amon;; the acids formed, dbutyric acid-
besins to predeminate over acetic acﬁd, althoush in youny cells

this rolation was inverse, Also the woll thickens; cylindrical at

the start, it narrows finally at the extremities to become fusiform

(it takes the form of clostridium), In the clostridiwm Is formed

the germ of the future spore; the cell diminishes little by little

and uncerzoe2 lysis resulting in the formutim of a mature spore,

round in form., Such is the nomel way of development of these bacteria.
There exist equally all sorts of patholozical modificaticns and forms

in the way of decay which diverge from the normal development.

Table I cites the data which characterize the growth and
dovelorment of cul ture:of bytyric bacteria in thres dlfzurcnn. medias
1) Rich nutritive medium which besides carbohydrates snd salts
contains an excess of orzanic nitrozen and all the indispensavle
vitamins, (2) Potato medlum indicator, less rich in nitrozen easily
assimilable, (3) Poor nutritive medium whose only source of nitragen

is emmenium phosphate and which “contains no traces of vitamins
contributed in the oourse of *.:moculat:.on.

: : o Ta.‘ble = | .
Inﬂuence of medium on growth and Jdevelopment or
butyrio bacteria

Hours

Kedtum \ A | |
o 2 6 12 20 26

S anbar of baoterial oells in mill:lons per 1 ml

Rich g 184 228 © 244 ol, 256
_Potato . | 38 100 188 o1, 188 208
Poor P28 42 s 90 112 ol,

-~ 3 AN - |

- Remarks ol, marks the first pppsarance of the “irst clostridial foms
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As one must expect, the rate of zrowth and the quentity of
the living mass (which is to say the numaer of cells) correspond
%0 the quant ity of nitrozen and vitemins contained in the nutmmve
medias the growth is most atundant in rich medium, scantiest in
the poor medium. This last culture conteirs an appreciate numver of
involutive forms: very akkx elongated cells, curved invards, with oxyphile
protoplasm, In the rich medium one sees cells wth two or three largse
granules. Cytochemical reactions pemmit stating that these «mnules
constitute deposits of protein in reserve (not pro?eides)

Vie note that in axlture the vacterial cells grow and develop
with varisble rapidity, but the condit’ons of their life and nutrition
are not at all identical, That is way the appsarance of clostridial
forms and sporcs as well as the increase in the relative numver of

" these forms (ir relation to the total ®lls in the oulture) show

the tempo of development of the bacterial cultures If one refers

to the moment of the appearance of clostridia (tadl.1l) one ascertuing
that the culture is developed more rapidly on indicator medium and

not on rich medium. From all evidence the excess of nitrogenous food

in this last medium slows down the development of the culture, althouzh
it intensifies its growth., In consequence the intensity of xmturatlon
(which is to ay the relatim between the development and rowth)

in this medium is reduced, The development of the culture is equally
retarded in poor medium because of' the acute insufficiency of sustenance.

 However at the moment of the - ppearance of the first olostridie the.

living mass of this culturs is inferior to the other two because of
its very feeble zrcowth, From this it results that this oul ture

oocupies first place for intensity of maturation (by relation between
developmen t and growth)

To bettor spsoify the intensity of maturation of cultures
in differert media Figure 1 presents on abdscissa the values of the
livinz mass (number of vells and on the uxis of the ordinate the .
degree (level) of development evaluatsd according to the relative number
of cells in state of sporulation, One must take intosoount that _
following the camposition of the medium the culturas attain the same
level of dovelopment for the different living masses, In oomsequsnoe
the intensity of maturation of the culturos varies: it 1: mxim
in a pocr medium, and minimum in rich medi\m.

It il interos ting to oomparo the numver of cells actually
sporing (that is the forms with the prespores plainly visibdle and
mature sporos) with tha number of cells which ere ocapable of.
fominy spores, This oapaoity is mnifosted by a certain number of
morpholonioal and physiolozioel modifications, notasly by & granulose

deposit in the cell. Table 2 makes evident that the number of ocslls
~in rich medium and i{hat an potato exceede that on poar medium,

From a)l evidsance the mauftioimoy of nitragzenocws nourishment and

‘vitamins is not favoratle to the aoquisiticn of spors-forming oapacity.
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Table 2

Influence of medium on sporulation of
butyric bat¢teria

Tumber of cells

 MEDIWH

Capable of forming spores actwally forming spores

Rich
Potato
Poor

. (in percentaze relation to total of cells)

-

70 30-40
70~80 50
30 g 20-30

The actual transformaticn in spores presents an entirely different
picture. -In poor medium almost the entire lot of cells capable

of spore-forming is transformed actually into spores and into clostridia,
while in the other two media the gporulation affscts only a purt of
these ocells: in potato about two-thirds, on rich medium about half,

To all appearances the final stage of sporulution is favored by the

- lack of nourichment, oontrary to conditions favorable to the

preparatory stage,

Thus the formation of spores depends on the exhaustion of
nutritive reserves, viich means that trey are found in conditions
whizh are those oi‘ the natural habitat of the bacteria, Contradiotory
data on the influence which medium exerts on sporulation are explained
by the followinz estimation of the fact tiat the needs of bacteria

- change with their passage to a new stage of deveropment,

There are oertain indications that numerous bacteria ars

‘ oapabls of assuming forms infinitely smell, invisible to the microsoope

©. and passing through sterilizing filters, These filterable forms oan,

" bacteria is itself oomposed of two suocessive aoycles: S
- verotative osll < spore, and 2) filtersble form - cell - filterable form, -

ohmpisnem ’ alsu, _pootozom,

follovinz a certain number of .'mtermodie.ry stages, azain become bacterial

_ oells. The que tion of vwhether these tronsformations relate to the
‘process of regenerntion or whether to the nomal evolutimary cycle

of the baoteria has not yet found a solution for lack of devper study
of omditioans on which these transdtwmations depend, That is why,
before oonsidering these transformaticns as an evolutlonary cycle,

4t 4s necessary to find speoific conditioms of medium, indispensgbdle
~ to the formation of filterable forms as well as to “he develomment

of the lattor ir bacterial cells, Tho conditions above-menticned

- should correspond to those which exist in the natural habitat of the

bacteria, It could be that the whole evolutionary oyolo)or butyrie
1) sporse -

The polyoyolic development exists in numorous inferior or;anicm:

S —
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On passing throvzh a new stege of development the orjanism
acquires the faculty of formins well-determined structures and
of exercising well-defined physiolcjicdl functiens, Most often the
conditions of medium indispensable for acquiring the faculties
irdicated does not correspond to thcse of effective realization. Ve
have made the same odservaticn for the prccess of sporulaticn. 2s
to the physiologjical functions, the acetone-buitvlic bacteria Mrnish
an example, The youn: cells of thsse b .cteria transform the carbo-
hydrates into cerioric acid and hydro-en, with a predeminance of the
latter, and non-jasecus products, principally acetic acid and dbutyric
acid, Ths youn: cells in the pericd of prorth and multiplication
prozressively form a particular comrlex of enzymes which we conventionally
call "acetonic adility", iihen this enzymatic system attains a
sufficient deyree the bacteria obtain the faculty of forminy acetme
and butanol while transform nz carbchydrates and acids. From this
fact the concentration of the latter in the medium zoes on dirinis"’nj;
since the carbonic acid hezins to predominate amor' the 3
products, ILowever, this second phaso of fermentation cannot
actually begin except in certain conditions of madium, dif ferent from
those in which the bacteria acquired the acetonic apacity. For example
in the period of scquiring acetonic capacity, the bacteria need a
medium less acid than in the second phase of fermentation
(see the first two lines of table 3),

TOEGlNL

Table 3
Relation of acetone~butyric bacteria te pH of mediun

Age of ) Value of pH : .
Medium oultures =~ - - -
(in hours) Minimum Optinum Maximum
Corn 4 5,8 -40 52-88 68«70
v 18-28 $,2-3,4 4,453 6769
Peptone-gluccase 20 - 24 3,9 - 4,0 58«58 7,0«7,1

S - . S ¢ WA Swlew t G

The excess of peptide nitrogen and amine :slly assimilable
hastens ;rovth, com slows the developmont of these b wteria, Thus
for oxo.zrple tha culture of 20-24 hours on medium of peptone-zluoccse
stays young despite its physiolcgiosl age, The absence of sporulaticn

and the behavicur with regard to the pH of the medium indioate it. (mlo 3

The more the albunin is dacompnud. the more the nutritive medium
centains of poptides and amino aoids, the more the growth of the cuiture
and ths more intense are the produstim of amines, since the develop~
ment of the culture is rotarded and second phno of rommutiaz seus
ite :lntcmity dhminh (h’oh 4)
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Influence cf the dezree of proteolysis on fermentation and
*rowth of ace'bope ~-butylic bacteria

— —

 Duratiom of action Maximum quentity  Acidity  Gas  Acetone
on glbumin of ol bacterial cells mle O, IN in in
, ' " in millions, per ml. in 1 OM3 roI gr 1
Pepsin ~ Trypsin of'medium
0 c 330 3,1 25,2 4,5 .
- 16 .0 ‘ - 390 3,4 30,2 3,8
- 120 0 : : 880 . By6° 8,0 0,86
120 240 ' 750 6,9 52 0,8

- NI . ME—————t & = o w4

.‘Ha underestmate of stadial development of bacteria is the
‘origin of sontradictory boliefs as to the causes of weakening of the
" second phase of acetone-butylic fenrentat ion.

_ ‘ Acetone can also be prcduoed by acetme-ethyl basteria.

. On rich nutritive medium they aoquire this ability much more repidly
' t'aa ouuy thn mty'l-aoc‘bme shcteris, But in media with insufficiant ‘

mﬁty or Vitamin B the acetoriio ability is developed slowly, ,

" ‘Vitamin B  is the specific sgent favaring formation of this ability,

~since it Mmfluences in & very weak proportion ths other aspeots of

- metabolism and growth of ethyl-acetme baoteria. -As to the actual

. manifostation of acetonic adbility that depends princlpelly on the

. presence of scetates, In omsequence, there azain we can regiater -
_-Qisagreement between conditions of medium mdis pensable for soquiring

' " the deterained phyeiologiqal r:cultiu md oonditima noouury ror
R -__f_ mir Qtfeotm mluuuon. S

M tindl m ‘bhﬂ litcmbun, and noubly in the wrh ot R
thi hbmtory de Gobe (Ot, Britain) and of Mardeohsy (HRSS) numrous
mlﬁgm exsmploy oonoerning sonditions of formation and eff otivc
obivity of different ensywes, %o oan also refer to our eom
shaervations which dmmt.mte ‘m stadial charaoter of the prcocu
of formatia of conddis in mmoedine, and also to res.acch dme wt o
Moissed laboretory (URSS) whioh bruught out the stadial - -
‘chaimoter of produotion of riboflavin. 44 Eremothe olum Anhbyi;.
L But hek or time: does_ rot pﬁmi“ us to go un At Jergvh,
' : iy -of spwu‘&a,mdn ‘ot moroorgani sy m nhtlw] e
" Gitrorent s truotures .and funotlons ey be mede -
M‘ﬂun& will theor Mght o & nurber
; ) ‘the orimﬁtﬁm ot mu‘mum ol
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