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M. bovis with different biologic properties in comparison with pathogenic strains has been studied in
the present work. The race of modified forms of M. bovis was selected. L-forms after passaging through
dense nutrient medium at 3° C change morphologically: transform into the acid-nonproof rod-shaped,
coccus forms; at 37° C transform into the acid-nonproof (sometime acid-proof) elementary bodies
(grains). In the first generation the culture-revertant isolated from organs of Guinea pigs on the second
day produces an orange culture and synthesize novel short-chained free fatty acids that were not
detected in the virulent mycobacteria of the maternal culture

Dissociative forms of M. bovis, lipids, medium, temperature

Introduction. Mycobacteria and M. bovis in
particular have an ability to change significantly
their phenotype or genotype with loss of some an-
tigens and appearance of others that mainly are
not novel for mycobacteria [1]. Such changes can
take place under environment factors and inde-
pendently that determines the lability of microbe
genome with somnolent or active or resuscitation
promoting factors (rpf) [2-6]. They deretmine a
particular ability of mycobacteria at a certain
developmental stage to remain high probability of
reversion in the initial or conversion into a new
form, with clearly marked constant genetic or
temporary phenotypic properties: morphology of
mycobacteria, cultural, biochemical and other
properties, change of the lipid composition [7-15].
In spite of general understanding of such mecha-
nisms there are a lot of unclarified problems re-
lated firstly to the morphology of microbe cell, its
biologic activity, capability of acquirement of
properties of atypical mycobacteria.

The investigation of L- and other forms of M.
bovis dissociants with redused/ lost sensibilizative
ability that are reproduced in dynamics of pas-
sages through dense medium at 3° C is an actual
task because there are no publications related to
the problem involved in available literature.

Biologic properties of L- and other forms of M.
bovis dissociants cultivated at temperature 3 and
37° C have been studied in this research.

Experimental. Hemerodiaphorous forms of
one strain of M. bovis that was obtained in 118
passage trough Lowenstein-Jensen medium (pH

7.1-7.2) at 37° C and self-restrained with an initial
growth of single colonies (118 subculture) at 2—3°
C during 20 months have been used. Isolated colo-
nies of next 60 reseedings were investigated.
Namely, the growth rate, pigmentation upon
change of medium’ pH, morphological signs, tinc-
torial properties (smears were stained by Ziehl-
Neelsen method) of changed forms of microor-
ganisms cultivated at 3 and 37° C, the growth of
culture of various generations of mycobacteria
through simple nutrient media.

Dehydrogenase and catalase activity of myco-
bacteria of initial cultures and cultures-revertants
isolated from Guinea pigs organs in that were in-
oculated microorganisms involved have been in-
vestigated by usual methods.

Mycobacteria of initial virulent cultures (2; 59;
100 passages) cultivated at 37° C and dissociative
forms cultivated at 3 and 37° C were investigated
by chromatography for qualitative and quantita-
tive determination of free fatty acids of lipids [10].

In order to establish sensibilizative ability and
other features of mycobacteria in long-term ex-
periment using simultaneous probe (PPD- for
mammals and allergen from atypical mycobacteria
(AAM) reseeding microorganisms cumulated
through the dense medium at 3° C were inoculated
(single dose of 1 mg-cm™) for 4 Guinea pigs, two
of which were euthanized after three and the other
after nine months from the beginning of the ex-
periment, the next step was a bacteriological ex-
amination of biologic material from them and re-
inoculation of isolated cultures (revertant) for




laboratory animals (Guinea pigs).

The possibility of mycobacteria involved to
cause tuberculosis infectious process was studied
by the double inoculation of mycobacteria culti-
vated at 3 and 37° C (1 mg-em™ with an interval
of 1.5 months) for animals. The macroorganism
reaction was estimated every 10 days: the weight,
the term of canker occurrence in the place of sus-
pension introduction, delayed sensitivity progress
(simultaneous test with PPD- for mammals every
30 days) and postmortem changes (after three
months) were studied. M. bovis maternal strain
was used as reference. Methods stipulated for re-
spective procedure were used [10].

Results and discussions. Studying of myco-
bacteria growth on the dense egg medium of one
tube with pH 7.1-7.2 at 3° C after 118 passages
allows one to determine that after 20 months un-
der low positive temperature conditions of culti-
vation the nature of cultures and their qualitative
composition have been changed significantly. In
particular, before culture was placed in conditions
with low temperature only 5 small colonies were
observed, after 20 months film, one large rough
colony and 10 small colonies have been observed.
By smear microscopy, prepared from individual
colonies that were formed by the cultivation at 37
and 3° C, acid-proof short, thick and thin, straight
and curved with rounded ends and pronounced
grains bacilli that were placed in clusters, were
observed. After seeding of mycobacteria suspen-
sion made from isolated colonies on the nutrient
medium and cultivation at 3° C on twelfth day the
weak growth of single small well shaped smooth
gray-white colonies (second generation of subcul-

Fig.1.The culture of M. bovis of second generation (3°C)

ture) has been observed. Lately, these colonies
have formed solid growth on sowing line (Fig. 1).
The smear microscopy showed acid-nonproof
ovals (L-forms) with various surface optical den-
sity and single acid-proof elementary bodies (Fig.
2). There was no observed growth of M. bovis of

Fig. 2. L-forms of of M. bovis of second generation. x1500

100 subculture of maternal pathogenic strain at
3°C.

Then a seeding of mycobacteria suspension on
the media of six test tubes and the cultivation at 3
and 37° C were done. The primary growth of
moist cream colonies was found on 11 and 25
days of investigation, respectively. By smear mi-
croscopy acid-nonproof ovals with various surface
optical density (L-forms) and acid-proof elemen-
tary bodies were identified.

The investigation of pathogenic and sensibiliza-
tive properties of obtained cultures at 3 and 37° C
on Guinea pigs showed that mycobacteria in-
volved do not cause pathological-anatomical
changes typical for tuberculosis and do not cause
the sensibilization of animals to PPD- for mam-
mals.

Then microorganisms involved were passaged
seven times and cultivated at 3 and 37° C. At 3°C
the growth was observed on 5™ day, while at 37°
C on fourth. In the first case mycobacteria were
orange colored and in another case they were
cream. By smear microscopy acid-nonproof large
and short, thick and thin, straight and curved with
rounded ends and pronounced grains bacilli and
acid-roof elementary bodies and L-forms were
identified (Fig. 3). It should be noted that at early




Fig. 3. L- and other forms of M. bovis cultivated at 3° C (a) and 37° C (b). x1000.

stages of morphogenesis of maternal culture its
acid-nonproof fibers have released acid-proof
grains that can produce typical M. bovis cells.
This fact has attached our attention in 2008 [12].
Lately, after 60-80 passages of acid-nonproof
forms of this causative agent variant (as can be
seen from Fig. 3b) fiber microorgamisms release
acid-nonproof structure elements that make L-
forms (longed at first) with various surface optical
densities.

The investigation of pathogenic, sensibilizative
properties of subcultures of Mycobacteria of 10™
generation, obtained at different cultivation tem-
peratures, showed that Guinea pigs remain alive
and do not react to PPD- for mammals during the
three-month experiment.

Then still ten passages of mycobacteria of sub-
culture involved through dense nutrient medium
were done. The forming of colonies was signifi-
cantly higher than in tenth generation only at 37°
C (two days). By smear microscopy acid-nonproof
large and short, thin, straight and curved with
rounded ends and pronounced grains bacilli, L-
forms (ovals) and slightly red single elementary
bodies were identified at 3° C, while at 37° C acid-
nonproof mainly short with pronounced grains
straight and curved bacilli, L-forms and acid-proof
elementary bodies were identified.

The following investigations of mycobacteria
passaged at different temperatures (15" genera-
tion) were made on simple nutrient media: meat
infusion agar and broth.

In reference sample (100 subculture of investi-
gated variant) pathogenic M. bovis on Lowen-
stein-Jensen medium at 37° C grew on 23" day,

while at 3° C during three months growth was not
observed. However, on meat infusion agar and
broth mycobacteria of pathogenic strain did not
grow, while modified microorganisms grew on 2-
3 day of investigation. On agar solid growth of
light grey culture on sowing line was observed. In
broth at the beginning light grey film and turbid-
ity with following precipitation were observed on
surface. After three weeks level of sediment be-
came 4-6 times greater.

After one week by smear microscopy acid-
nonproof large and short, thick and thin, straight
and curved with rounded ends and pronounced
grains bacilli, acid-nonproof grais and L-forms
were identified at 3° C, while at 37° C acid-
nonproof elementary bodies and L-forms were
identified. At 3° C in culture grown on meat infu-
sion agar acid-nonproof large and short, thick,
straight and curved with rounded ends and pro-
nounced grains bacilli and acid-nonproof grains,
while at 37° C acid-nonproof elementary bodies
and L-forms were identified.

After three weeks by smear microscopy made
of film and deposit of meat infusion broth were
obtained practically same compared to weekly
culture morphological and tinctorial properties.
However, in the deposit at 3° C various shaped
bacilli were acid-nonproof, in the film they were
mixed, while at 37° C only acid-proof.

Interesting data were obtained at parallel pas-
sage of L-forms through dense Lowenstein-Jensen
medium at different temperatures of cultivation.
In this way, by smear microscopy (Fig. 4) of some
orange colored subculture of first generation at 3°
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Fig.4. L- and other forms of M. bovis passaged through the dense nutrient medium at 3° C (on the left) and
37° C (on the right). x1000
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Fig.4. L- and other forms of M. bovis passaged through the dense nutrient medium at 3° C (on the left) and
37° C (on the right). x1000




C L-forms (longed ovals, some of them have re-
leased grains) and grained bacilli (short and lar-
ger) were identified, while at 37° C (yellow easily
emulsificated subculture) only L-forms with vari-
ous surface optical density (practically rounded
shape) and single grained bacilli were observed.
In the third generation at 3° C subculture was
made of L-forms (longed ovals), bacilli and
grains, in the fourth at 37° C L-forms (rounded)
and single rod-shaped formations were observed.

The fifth generation at 3° C was made of
longed L-forms and rod-shaped and grained acid-
nonproof elements. The seventh subculture (37°
C) features practically by L-forms (rounded) and
single thick grained short and large bacilli.

By smear microscopy of seventh subculture
longed L-forms from that grained forms were re-
leased and short bacilli were identified. In the
ninth subculture at 37° C by smear microscopy
only L-forms, single round-shaped reddish ele-
mentary bodies were observed. The smear of
eighth subculture (3° C) was identical to seventh
subculture smear. Be smear microscopy of twelfth
subculture at 37° C L-forms and elementary bod-
ies (grains) with reddish color were identified.

There were no observed significant changes in
subcultures of tenth (3° C) and 18" (37° C) gen-
erations. However, in these subcultures grained
bacilli were observed.

In twelfth subculture (3° C) longed L-forms
from that acid-nonproof grains released, short and
large bacilli and single reddish elementary bodies
were identified; in the 19" subculture (37° C) L-
forms, large and short grained bacilli and reddish
elementary bodies were observed. The twentieth

Fig.5a

(3°C) and 21* (37° C) generations have same mor-
phological forms as 12™ and 19™.

Summarizing the dynamics of morphological
signs, tinctorial properties and nature of culture
growth of modified M. bovis (including L- forms),
one can mark an undeniable fact that at low posi-
tive temperature (3° C) acid-nonproof grains,
grained bacilli, L-forms are formed, while at 37°
acid-nonproof grains, short and rod-shaped bacilli
and single reddish elementary bodies occurred
that, probably, influence on a nature of culture
growth. Namely, in the absence of elementary
bodies the culture intensively grows on sowing
line of mycobacteria suspension, while in the pres-
ence of elementary bodies after 4-5 days of
cultivation, it sinked under their pressure in the
medium: solid growth became thicker and after 2-
4 weeks medium flows down, indicating unusual
properties of these forms of M. bovis.

At the same time our previous investigations
[7-12] repeatedly showed that reproduction rate of
strains involved, decrease of virulence, changes in
qualitative and quantitative composition of free
fatty acids in lipids significantly affected by pH of
medium. Therefore, in this connection was neces-
sary to study the influence of acid gram-
equivalents in the medium on the pigmentation,
morphology and tinctorial properties of mycobac-
teria cultivated at 3° C (at 37° C in this stage of
investigation mycobacteria lost the ability to grow
on the medium).

As it can be seen from Fig. 5, the slightly or-
ange culture in 27-37" generation on medium with
pH 6.5 after 2-3 weeks gained more intensive pig-
mentation, while on medium with pH 7.1-7.2 re-

Fig. 5. The culture of L- and other forms of M. bovis cultivated on the medium with
pH 7.1-7.2 (a) and 6.5 (b).
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Fig.6. L- and other forms of M. bovis: 26™ generation, pH 7.1-7.2 (a); 27™ generation, pH 6.5 (b); 33" gen-
eration, pH 6.5 (c); 37" generation, pH 6.5 (d). 1000

mained the same during three months of cultiva-
tion.

By smear microscopy of culture from 26" gen-
eration (Fig. 6) mainly acid-nonproof grained
forms, rarely acid-proof bacilli and thick (15-20
um) dark blue bacilli with same surface optical
density were identified. First seeding of such dif-
ferent forms from 26" generation on the medium
with pH 6.5 accompanied by appearance of large
number of blue ovaloid forms (with dark grains in
the middle) with various surface optical density;
small bacilli, sometimes with reddish color that
were situated only near or around blue ovals. This
evidences the releasing of grains from ovals. The
same effect was observed in the smear made of
culture from 33" and 37" generations. However,
not large amount of blue formations that lately
transformed into thick blue ovaloid grained bacilli
has been observed. Around of these bacilli small
acid-nonproof (rarely acid-proof) grained forms
(0.1-0.2 pm) have been situated. Bacilli with typi-
cal shape for tuberculosis causative agent have not
been observed in this and following generations.

After still ten passages it was established that in
the first five passages (from 41% till 45™) culture
growth was observed on a 4" day usually like a
cream film on the sowing line with following for-
mation of single large dry orange colonies (Fig. 7).
At the same time 45" subculture was mucinous
and viscous. By smear microscopy acid-nonproof
grained and large (twelve times bigger than ba-
cilli) longed ovals with the same surface optical
density that released from short bacilli were ob-
served (Fig. 8).

After following five seedings the culture re-
mained mucinous, its growth occurred on 1-6"
day; pigment changed from orange to yellow (Fig.
9).

By smear microscopy of the culture from 50™
passage practically same forms of microorgan-
isms: both acid-nonproof grained ovals (L-forms)
and acid-nonproof grains that placed between
ovals were identified (Fig. 10). On the 60" pas-
saghe the culture was identical to that, obtained for
50",

Thus, the cultivation of dissociative forms of




Fig.7.The culture of modified M. bovis (45™ passage
at3°C)

Fig. 9. The culture of dissociative forms of M. bovis
of 118 variant (50™ passage at 3° C)

Fig.10. M. bovis of dissociative forms of 118 variant
(50™ passage at 3° C). x1000

Fig.8. L- and other forms of M. bovis (45" passage
at 3° C). x1000

M. bovis at low positive temperature (3° C) on the
medium with different pH, has been accompanied
by maintenance of morphology.

It was necessary to investigate possible mor-
phologic changes in long-time preservation of cul-
ture. Therefore, microscopy of the smear prepared
from unmodified 27" subculture at 3° C, has been
held after 15 months. Acid-nonproof short and
larger bacilli and acid-proof elementary bodies
(grained forms) were observed (Fig. 11).

On the fourth day orange-reddish solid growth
on the sowing line (Fig. 12) morphology and tinc-
torial properties of L-forms on Lowenstein-Jensen
medium without sodium salicylate at 3° C were
investigated. Acid-nonproof formations (Fig. 13)
with lightly red capsule and dark grains that are
situated in the middle of ovaloid longed form
(rod-shaped) were observed. Lightly red grains

Fig.11. Elementary bodies and acid-nonproof
forms of bacilli of M. bovis (cultivated during 15
months at 3° C). x 1300




Fig.12. The culture of L-forms of M. bovis
(reference sample)

and bacilli have been released from some of them.

At the same time in initial modified forms and
in cultures-revertants an increase of redox reac-
tions (dehydrogenase and catalase activity) and
decrease of virulence were observed.

Thus, results obtained in the present paper evi-
denced that L- and other forms gained properties
representative for atypical mycobacteria.

According to data obtained by investigation of
free fatty acids content in M. bovis of typical viru-
lent and modified avirulent forms the last features
by appearance of novel short-chained hendecanoic
acid. Its synthesis was 15.6 times more intensive
at 3° C compared to 37° C. At the same time at 3°
C the synthesis of lauric and arachic acid was very
weak, while in virulent mycobacteria their quan-
tity can be determined. At 37° C only lauric acid
has been synthesized in small amount. It evidences
deep changes in the metabolism of microbe cell
that absolutely influenced by surviving under low
positive temperature and accompanied by the for-
mation and reproduction of colonies.

The quantitative content of free fatty acids in
modified mycobacteria has been significantly
changed compared to the reference virulent mater-
nal culture. At the same time skeleton free fatty
acids (palmitic, oleic, stearic) in mycobacteria of
dissociative forms remained on the high level that
evidence their stability regardless of changing in
properties of mycobacteria, their biological
activity. In other words, change of cultural, tincto-
rial, virulent, biochemical and other properties and
morphological signs does not result in significant
change on content of skeleton free fatty acids.

Fig.13. L- and other forms of M. bovis. x 1500

At the same time ratio of short- and long-
chained free fatty acids in virulent subcultures
(average 100 and 124) and in avirulent mycobac-
teria (L- and other forms) was 9.94:1; 5.51:1 (3°
C) and 5.31:1 (37° C), respectively. This is
contrary to observations that have been made
because virulent mycobacteria have significantly
lower level of short-chained free fatty acids com-
pared to long-chained. Perhaps, because such
studies of dissociative forms obtained at low posi-
tive temperatures have been held for the first time,
this pattern ratio of short- and long-chained acids
inherent for so many passaged and genetically
modified mycobacteria and determined by their
metabolism. For virulent mycobacteria of mater-
nal cultures (2™ culture) this ratio was signifi-
cantly different 1.84:1. However, mycobacteria of
59™ subculture ratio of these acids was 4.89:1.
This suggests change in the ratio of acid synthesis
during passages through artificial nutrient
medium.

Meanwhile, the content of unsaturated free
fatty acids that characterize the adaptive
metabolism of microbe cells (palmitoleic, oleic
and linoleict+linolenic) was lower in the first and
second and much higher in the third than in the
virulent maternal culture.

Probably, these particular contents of
unsaturated fatty acids in the dissociative forms of
mycobacteria (L- and other forms) determine the
degree of virulence that can be characterized by
long-chained acids as decreasing of amount of
unsaturated acids that are responsible for the leu-
koprotease inhibition [16], i.e. their low level
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increases the activity of protective factors of
microorganism that provides neutralization of
long-chained free fatty acids and possibly
determines the total avirulence of studied forms of
mycobacteria, in which the content of unsaturated
fatty acids remains practically the same while in
pathogenic mycobacteria the level of long-chained
free fatty acids is high. The ratio of long-chained
to unsaturated acids in pathogenic strains is 4.63:1,
in avirulent 3.34:1 (3° C) and 2.69:1 (37° C).

It should be noted also that in the second gen-
eration of maternal culture of investigated strain
analyzed factors were 1:1.26, notably content of
long-chained free fatty acids was sensibly higher
than content of unsaturated acids. However, in the
59" subculture this ratio was 2.38:1; this deter-
mines consistent, tendentious changes of synthe-
sized systems of microbial cells that are influenced
by its adaptation to changing of environmental
conditions. In this not only chemical but also
physical links of cell components (lipids, proteins,
carbohydrates) are interrupted that leads to the ap-
pearance of complexes with new qualities and
properties and probably to changes in the geno-
type.

It was established that persistence of investi-
gated microorganisms (27" subculture acid-
nonproof bacilli and L-forms) in Guinea pig or-
ganism last nine (term of the investigation) and
more months. However, from suspension made
from macroscopic nonmodified organs of labora-
tory animals acid-proof elementary bodies (grains)
and bacilli with typical morphologic forms, that
produce orange culture on the third day of cultiva-
tion, were isolated.

The inoculation of isolated acid-proof myco-
bacteria (culture-revertant) for Guinea pigs (1
mgem™) was not accompanied by development of
allergic status (allergic reaction on tuberculin and
AAM after 30, 60 and 90 days was negative), but
from organs of euthanized after three months
experimental animals acid-proof bacilli that
formed an orange culture on 3™ day of cultivation
were isolated.

Obviously, multiple passages through artificial
dense medium and long-term maintenance (20
months) at low positive temperature have changed
the genetic balance that has provided them
surviving as a result of the loss of some (specific
for the pathogenic microorganism) and the appear-

ance of novel properties  particularly
representative to other mycobacteria including
atypical. At the same time, the persistence in the
organism of Guinea pigs of typical morphologic
acid-proof forms (bacilli) that were reversed from
L-forms has not accompanied by the development
of the disease. They remained chromogenic and
retain the ability to form colonies (culture-
revertant) on dense nutrient medium beginning
from the first generation (from biologic material
of Guinea pigs) on the second day of cultivation.

The loss of sensibilizative ability in mycobac-
teria that many times passaged and persistened in
the organism of Guinea pigs may evidence, in
some limits, the loss of immunogenic capacity, as
it is known that the development of allergic
(tuberculin) reaction, besides its intensity, indi-
cates immunological restructuring of macroorgan-
ism (development of infection) with parallel ac-
quisition of specific resistance.

However, the results of the experiment have
shown that one of a variety of indicators of
clinical manifestations of infection — the change in
the body weight of Guinea pigs, in which organ-
ism 1 mgem” of studied mycobacteria was
inoculated, has a pattern of dynamics: on the tenth
and twentieth day of the experiment the body
weight increased from 25 till 45 g, respectively,
on 35™ day it decreased compared to the 20" day
on 35 g with following increase to 50 grams per
46™ day. However, after 50 days, at the second
injection of 1 mgem® of such forms of
mycobacteria, such decrease in body weight was
observed after 15-20 days with following
smoothing of the positive dynamics of the test
target. This may indicate the residual virulence of
investigated modified forms of M. bovis with the
possible formation of specific anti-tuberculosis
immunity without developing of the necessary
level that can be detected by diagnostics, allergic
status (and ulceration in the area of injection of
mycobacteria suspension).

Touch smears bacterioscopy from organs of
euthanized (after 80 days) animals showed acid-
nonproof bacilli and grains-bodies.

In the reference sample the body weight has
been increased tendentiously and touch smears
bacterioscopy was negative.

Obviously, mycobacteria with new, genetically
fixed properties have different ability to stimulate
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benign infectious process without the required
level of allergy to PPD for mammals and AAM.

Also it should be noted that probably an
attenuation of activity of genes responsible for
pathogenic properties that are defined by redox
reactions (dehydrogenase and catalase activity and
others) and genes that were activated (appeared in
the dormant state) stimulate the metabolic
processes of pigmentation with inhibition of
factors (toxins) of pathogenicity.

At the same time we found no relationship
between the rate of reproduction (day of formation
of colonies) and pathogenicity, as the initial mater-
nal culture (third generation) of investigated modi-
fied forms of M. bovis have had high virulence
and formed colonies on the second or third day
without pigmentation and have not had dehydro-
genase and catalase activity [13].

Thus, the race of modified forms of
mycobacteria with special properties that may be
promising for the design of anti-tuberculosis
vaccine was selcted.

Conclusions. The race of modified forms of M.
bovis was selected. L-forms after passaging
through dense nutrient medium at 3° C change

morphologically: transform into the acid-nonproof
rod-shaped, coccus forms; at 37° C transform into
the acid-nonproof (sometime acid-proof) elemen-
tary bodies (grains). At 3° C the growth of orange
culture on dense selective nutrient medium takes
place on second-third day of cultivation
(sometime on 24™ hour), at 37° C the growth of
yellow culture takes place in the same termin, but
after 20 passages the weak growth of culture oc-
cures and lately dissapears. On meat infusion agar
and broth investigated mycobacteria grow on first-
second day of cultivation. They have marked de-
hydrogenase and catalase activity, are avirulent:
during nine months partically reverse into the
acid-proof morphologic forms without causing an
tuberculosis of Guinea pigs, have a low or absent
sensibilizative property (for PPD- for mammals
and AAM), do not cause an ulceration in the area
of injection of mycobacteria suspension. In the
first generation the culture-revertant isolated from
organs of Guinea pigs on the second day produces
an orange culture and synthesised novel short-
chained free fatty acids that were not detected in
the virulent mycobacteria of the maternal culture.
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BHOJOTMYECKHUE CBOMCTBA TUCCOIUATUBHBIX L- U IPYTUX ®OPM M. BOVIS
3axxapckuii B.B., JlaBsinenko I1.A.

B oannou pabome 6vinu usyuenvt M. bovis ¢ omauuHbIMu 0m namo2enHvlX WMammos OUOI02UHeCKUMU CEOl-
cmeamu. CenekyuoHuposana Hoeas paca moouguyuposannvix gpopm M. bovis. Yemanosneno, umo L-chopmer npu
naccajcuposanuu yepesz nAomHyo numamenvuyio cpedy npu 3 ° C usmeHaomes Mmop@onocuiecKu: npespaujarom-
€Sl 8 HEKUCIOMOCMOUKUE NATOYKO-, KOKKON0O0OHble popmbl; npu 37 ° C - HeKuciomocmouiKue (UuHo20a KUuciomo-
cmolikue) snemenmapHvle menvya (3epHa). B nepeom noxonenuu Kynbmypa-peeepmanm, usoIupo8anHas u3 opaa-
HO8 MOPCKUX C8UHOK, HA 8MOPOU OeHb NPOOYYupyem KOJIOHUU OPAHNCEBOU OKPACKU U CUHMe3Upyem Ho8ble KO-
pomKoyenounvie c60000HbIE HCUPHBLE KUCTIOMbL, KOMOpble He Obliu 0OHAPYIHCEHbL Y BUPYIEHMHBIX MUKobaKme-
PUli MAMEPUHCKOU KYIbInypbl

Knrouesvie cnosa: ouccoyuamusnule L- ghopmer M. bovis, aunudvl, memnepamypa

BIOJIOI'TYHI BJIACTUBOCTI JUCOUIATUBHUX L- TA THIIUX ®OPM M. BOVIS
3axxapcekuit B.B., Hasunenko I1.0.

Tokasano, wo L-ghopmu 3a nacaxcie uepes winvhe cepedosuwe 3a memnepamypu 3 °C 3minion0ouucsy
MOPGhon02iuHO nepexo0sime 8 HeKUCIOMOCMILKI RAIUYKO- ma KOKonoOdioni hopmu, 3a 37° C — 6 HeKUCI0MOoCmitiKi
(iHKOU KUCIOMOCMILKI) enemenmaphi minvys (3epna); 3a memnepamypu 3 °C picm Ha wilbHOMY e1eKmMU6HOMY
HCUBUTLHOMY CePedoBUT NOMAPAHYEB0T KYTbmypu 8i00Y8AemMbCs HA Opy2y-mpemio 000y KyIbmuey8anHs (iHKOIU
Ha 24 200uny), 3a 37 °C — scosmysamoi Kynromypu 6 maxi dc cmpoxu ane nicisi 20 nepecisié 6i00yeacmvcs
cnabkuti picm Kyremypu 3a yiei memnepamypu i 3 yacom 3nuxae;, na MIIA ma MIIF — pocmyms (3 i 37 °C,
ocmanni cyoxyiemypu 3 (26-i eenepayii) minoku 3a 3 °C) na neputy-opyey 000y KyJIbmugyeans, Had cepedosuiyi
i3 HamMpiem Caniyul080KUCIUM 30 HU3bKOI NIIOCOGOI memnepamypu pocmyms Ha wiocmy 0060y, a 3a 37 °C —na 15
000Y; 80100i10Mb BUPAINCEHOI 0e2IOPOSEHAZHON Ul KAMAIA3010 AKMUBHICIIO, ABIPYIEHMHI — NPOO0BI’C 0e8 mu
MICAYIB YACMKOBO PesepCyiomb Y KUCIOMOCMITIKI MOPGHONOSTUHI (POpMU He SUKTUKAIOYU MYOEPKYIbO3 Y MOPCHKUX
CBUHOK, 80100110Mb HU3LKOI a00 He 80N00II0Mb 83a2ali CeHCUOLI3YI0w00 30amHicmio (woodo /- onsa ccasyis,
6 momy uucni AAM), ne ymeoproromo eupaszxu y OLIsAHYI 66e0eHHA MIKODakmepill, 8 nepuliti 2enepayii Ky1bmypa-
pegepmanm (8udinena 3 OpeaHié MOPCbKOI C6UHKU) Ha Opyz2y 000y YMEOPHE NOMApanuesy Kyibmypy;
CUHME3YIOMb HOBL KOPOMKOJIAHYIO206] BIIbHI HCUPHI KUCIOMU, SIKI He 8UAGTIOMbCS ) GIPYACHMHUX MIKOOAKmepill
MaAmepuHcbKoi Kya1bmypu

Knrouoei cnosa: oucoyiamusni popmu M. bovis, niniou, memnepamypa




