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Antibiotic resistance changes in strains of bacteria
and yeast-like fungi following their growth in
established cell lines of human and animal origin
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The phenomenon of the susceptibility and reversion of resistance to antibiotics in strains of bacteria and
yeast-like molds has been identified upon the interaction of bacteria and molds with transplantable human
and animal cell lines depending on the cultivation conditions. The ability of susceptibility reversion of
bacteria and yeast-like fungi to some antibiotics is nof stable, it varies with the passages. This phenomenon
may be a reason of the poor efficacy of antibiotic freatment when the susceptibility of bacteria to antibiotics
is assayed by the usual technique. The authors propose to modify the antibiofics-susceptibility assay
currently used in clinics by co-culture of the isolated bacteria and fungi with the transplantable cell lines

or human leukocytes.
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Introduction. Bacterial and yeast-like organisms are
usually isolated using nutrient media; the same media
are taken to verify the antibiotic resistance of these
microorganisms. However, a iot of different strains of
bacteria and yeast-like organisms arc parasites in-
habiting different human and animal organs con-
sisting of different type cells (epithelium-like, fib-
roblast-like, etc.). There are some published data [1]
describing the adhesion process properties during
shigellae interactions with human embryo intestinal
mucosa.

Bacteria colonize the biomaterial, thereby adop-
ting a sessile mode of growth that progresses to the
establishinent of an antibiotic-resisiant biofilm by the
accretion of prospective glycocalyx [2, 3]. Amino-
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glycosides, quinolones, beta-tactams, and polymixing
require crossing the bacterial cell wall to reach their
targets. Penetration can be reduced by the develop-
ment of antibiotics-resistant biofilms with secretion of
an anionic exopolysaccaride matrix with binds ca-
tionic antibiotic [6]; quorum sensing in such biofilms
may also be involved in changing bacterial metabolism
and reducing sensitivity to antimicrobials [4—6].
Due to this fact, we became interested in the
cultivation of bacteria and yeast-like organisms in
cells of humans and animals of different species as
well as in host-parasite cell interactions and in the
antibiotic susceptibility of infectious agents.
Materials and Meihods. Sirains of microorga-
nisms. In this investigation, we used the following
strains isolated previously in our laboratory: 9 Staphy-
lococcus aureus strains and 2 Staph. epidermidis ones
(gram-positive bacteria); 7 Pseudomonas aeruginosa
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strains and 22 different Enferococcus strains {gram-
negative bacteria); 17 representatives of the Candida
genus and 2 Cryptococcus neoformans strains. Estab-
lished cell lines taken for these studies were: L4l
(human Iymphoblastoid cell line), OH-1 (murine
lymphoblastoid cell line), RGNR (cell line originated
from rat Gasser node neurinoma), and Vero (green
African monkey kidney cell line). Cell cultures were
grown in the RPMI-1640 supplemented both with calf
foetal serum (10 %) and antibiotics [7].

We also manipulated with human leukocyte sus-
pension cultures (blood group 0). The cultivation of
bacterial strains was performed as follows: 100 ul of
bacterial suspension containing 1-10° cells were ad-
ded to a leukocyte culture (3-10° cells/ml). Following
bacterial growth during 24 h, 100 uxl of infected
leukocyte suspension of the same concentration were
transferred inio a new leukocyte culture to carry out
the 2" passage. The 3 one was made similarly.
Antibiotic sensitivity of bacterial cultures for each
passage was studied and compared with its original
sensitivity to antibiotics. In these experimentis we
used two interferon (IFN) preparations — IFN-a-2b
(Intron, 3-10° I. U., Shering-Plau, USA), and IFN-y
(10° 1. U., product of the Ukrainian Academy of
Agriculture).

Cultivation of bacteria and fungi. Each microbial
or fungal strain was grown in cultured 24 h-old
monolayer ¢ell lines or in suspended human leuko-
cytes.

Each microbial/fungal suspension (10° cells/ml)
was put inio cell cuitures or human leukocyte sus-
pension and cultivated during 24 h in RPMI-1640
without calf foetal serum and antibiotics. The degree
of susceptibility of microbial/fungal strains to anti-
biotics was determined before their growth in euka-
ryotic cells grown in the Mueller-Hinton medium
(initial susceptibility, IS) and following their culti-
vation (post-cultivation susceptibility, PCS).

The antibiotic susceptibility was evaluated by the
Bauer-Kirby approach (a variant of the disk-diffusion
method) [81]; all bacterial/fungal strains were grown
on the Mucller-Hinton medium; commercial disks
used were produced by the (St. Petersburg, Russian
Federation). The disk quality control with the Muel-
ler-Hinton medium and different antibiotics was per-
formed each time as well as with any new disk series
of nutrient media series. The criteria of their ade-
quacy were verified according to the zone diameter of
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inhibited growth for etalon strains — Escherichia coli
25922, S. aureus ATCC 25923, and P. aeruginosa
ATCC 27853 received from the Alive Culture Museum
of our Institute.

The manufacturer’s criteria were used to evaluate
the efficacy of antibiotics against microbial/fungal
agents, Taking into consideration the zone diameter
of inhibited growth for investigaied microorganisms,
the strains were divided into three groups — sus-
ceptible strains (88), moderately resistant strains
(MRS), and strains highly resistant to antibiotic(s)
(HRS) [9]. We determined antibiotic-susceptib-
le/resistant properties of strains with the following
compounds widely used in up-to-date clinical practice:

Name of antibiotic Its abbreviation

Amikacin amk
Amoxicillin amx
Amphotericin amph
Ampicillin amp
Carbenicillin car
Cefazolin kf
Cefepime cep
Cefoperazone cpr
Cefotaxime clx
Ceftazidime caz
Ceftriaxone cro
Chloramphenicol chl
Ciprofloxacin cip
Clindamycin cly
Clotrimazole clo
Erythromycin ery
Fluconazole flu
Gentamicin gen
Imipenem imp
Oxacillin oxa
Rifampin rif
Tetracycline tet
Tobramycin tob

Results and Discussion. Our data concerning the
Enterobacteriaceae susceptibility to antibiotics are
given in Table 1.

The analysis of the data presented in Table 1
shows that the Enterobacteriaceae cultivation in the
L4l cell line causes the development of two phe-
notypes: some antibiotic-sensilive strains become re-
sistant ones and vice versa. This Table proves the
enterobacterial strains have not changed their sus-
ceptibility 1o gentamicin, cefoperazone, and imipe-
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Table |

Antibiotic susceptibility of enterabacterial strains grown in the L41 culture during 24 h

Antibiotic (the zone diameter, mm, of inhibited growth for etaletn strainsd

N Straing

amp ‘ et I gen | tob amk | chf l cip | ctx I cpr | ki I cro caz amx I imp | cep
396 iniia- HRS HRS -— HRS MRS HRS MRS MRS — HRS MRS 58 HRS 85 —
tion L4] HRS HRS HRS HRS HRS HRS HRS HRS HRS S8 HRS 8§
727 initia- HRS  HRS — HRS HRS S8 sS S§S — S8 Y S8 Ss 58 —
tion L4t HRS  HRS HRS HRS HRS HRS HRS HRS HRS HRS HRS ss
312initia- HRS  HRS — HRS MRS HRS HRS HRS — HRS HRS MRS HRS 58 —
tion L4 HRS HRS HRS HRS HRS HRS HRS HRS HRS HRS HRS S8
705 iniia- MRS HRS — HRS HRS HRS S8 §S — HRS S§S 38 58 $S —
tion L41 HRS S8 MRS S8 HRS MRS SS SS MRS S8 MRS S8
598 initia- HRS  HRS — HRS 85 HRS HRS SS — HRS 58 55 HRS 8§ —
tion L41 HRS HRS HRS HRS HRS HRS HRS HRS HRS HRS HRS 8§
326-1ini- HRS  HRS — HRS MRS HRS HRS MRS — HRS MRS sS MRS S8 -
tiation L41 HRS  HRS HRS HRS HRS HRS HRS HRS HRS MRS HRS Ss
527 initia- HRS  HRS - HRS MRS HRS S8 SS — HRS S8 Ss HRS Ss —
tion L41 HRS HRS HRS HRS HRS HRS S8 HRS Ss Ss HRS S8
1551-1ini- 8§ SS S5 S8 58 5SS S8 53 S8 HRS N Ss sSs 58 S8
tiation L41 38 88 88 88 S8 88 S8 S8 58 S8 S8 88 88 ss 58
1551-2ini- HRS  HRS b MRS S8 S8 HRS S8 SS MRS S8 SS MRS ss SS
tiation L41 HRS  HRS SS S8 SS S8 S8 S8 58 SS SS SS MRS Ss S8
1532-1ini- HRS HRS HRS HRS HRS 58 HRS HRS HRS HRS HRS HRS HRS 58 MRS
tiation L41  HRS HRS HRS HRS MRS ss HRS HRS HRS HRS HRS HRS HRS S8 MRS
1532-2ini- HRS  HRS 58 MRS 88 S8 88 58 58 MRS S8 S8 58 58 58
tiationL41 HRS  HRS S8 S8 MRS SS Ss 58 SS MRS S8 58 HRS S8 S8
1532-3ini- HRS HRS 58 HRS MRS S8 83 58 S8 HRS S8 58 SS 8§ S8
tiation L4F  HRS MRS 35 S8 S8 S8 S8 S8 S8 SS 85 38 HRS Ss 35
1004 ini- HRS HRS HRS HRS S8 S8 MRS 58 8§ MRS sSs SS HRS SS HRS
tiation L41 HRS HRS HRS HRS$ HRS Rh HRS Rh ss MRS Rh HRS HRS S5 MRS
963 initta- HRS HRS HRS HRS MRS HRS HRS HRS HRS HRS HRS$ HRS HRS S8 HRS
tion L41 HRS HRS HRS HRS MRS HRS HRS HRS HRS HRS HRS HRS HRS S8 MRS

N o t e. Bold figures indicale the change of strain susceptibility (o antibiofics.

nem. Some changes of antibiotic sensitivity were
found in 14 enterobacterial strains, resistant strains
becoming sensitive ones and vice versa.

The Enterobacteriaceae changes from resistance
to susceptibility (R —= 3) were found for the following
antibiotics: amikacin (for one strain), cefazolin (for
three strains), and tobramicin (for 1 strain).

Another variability type -~ from susceptibility to
resistance (S - R) — was shown for the following
antibiotics: amikacin (3 strains), chloramphenicol (1
strain), ciprofloxacin (3 strains), cefotaxime (2 stra-
ins), cefazolin (1 strain), ceftriaxone (2 strains),
ceftazidime (3 strains), amoxicitlin/clavuianic acid (3
strains). The enterobacterial variability index (§ - R)

is very important for patients’ treaiment, since any
non-adequately chosen antibiotic does not proimote
successful therapy results.

Moderately susceptible enterobacterial strains de-
monstrate also the variability phenomenon becoming
more resistant; at the same time, some susceptible
strains of this bacterial group become moderately
susceptible.

The data described above demonstrate the ente-
robacterial transition from to antibiotics susceptibility
fo antibacterial resistance and vice versa in the L41
cell line. We aimed to verify whether such phe-
nomenon is ubiquitous enough and if it may be found
also during Enterobacteriaceae cultivation in cell lines
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of other origin; so we used several of the above-
mentioned cell lines for their growth — RGNR (Fig.
1}, Vero (Fig. 2}, OH-1 (Fig. 3), and L41 (Fig. 4).

The analysis of the data presented proves the
Enterobacteriaceae susceptibility to different antibio-
tic compounds does not depend on donor animal
species used as primary culture, Seven enterobacterial
strains changed their susceptibility/resistance follo-
wing 24 h of their co-cultivation with eukaryotic cell,
giving rise to both transitions — (S = R) and (R —»
- §). Cultivation of our strains in other four different
cell lines revealed the same phenomenon.

The next step of our investigations was the
susceptibility determination of a gram-positive bac-
terium, S. aureus, during its growth in the cell line
L41. Analyzing these resulis, it should be noted that
the antibiotic susceptibility profile changed only for a
single 8. aureus strain; the (S — R) transition was

358

Fig. 1. Sensitivity changes (%) to antibiotics (J—/0)
following Enterobacteriaceae passages in RGNR cells:
! — stable; 2 — unstable; 3 — amk; 4 — amp; 5 —
chl; 6 — cip;, 7 — kf; 8 — caz; 9 — cro; 10 — cix

Fig. 2. Sensitivity changes (%) to antibiotics {/—10)
following Enterobacteriaceae passages in Vero cells:
1 — stable, 2 — unstable; 3 — amx; 4 — amk; § —
caz, § — ctx; 7 — kf; 8 — cip; 9 — cro; /O — cix

found for such antibiotic compounds as oxacillin,
clindamycin, and cefazolin.

The data concerning the antibiotic susceptibility
changes for yeast-like fungi (Candida genus repre-
sentatives and Cr. neoformans) are shown in Fig. 3.
The data obtained show that the (§ -+ R) and (R ~»
-» §) transitions are found in seven Candida sirains
among 17 studied. The (R - §) transition was de-
fected for anti-Candida drugs: fluconazole (in 4
strains) and clotrimazole (in 2 strains). The transition
(§ = R) was found for amphotericin B (in § strains),
fluconazole (in 1 strain}, and clotrimazole (in 1
strain).

Among two Cr. neoformans strains studied here,
the (R = 8) transition for fluconazole was registered
for a single strain.

These data indicate that the interactions between
cultivated eunkaryotic cells and parasitic ones including
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gram-positive and gram-negative bacteria as well as
yeast-like microorganisms cause both (S-»R) and
(R - 8) transitions. It leads to the conclusion the
results of parasitic organism testing in nutrient media
aimed at the determination of its susceptibility to
antibiotics does not always reflect real antimicrobial
effect in animal and human organisms, this situation
being probably due to biofilm development on the
monolayer surface. Therefore, we realized a series of
experiments to determine the susceptibility of para-
sitic microorganisms in donor blood leukocytes, three
passages of each microorganism studied having been
carried out. We have found antibiotic susceptibility
changes for different strains of Enterobacieriaceae, S.
aureus, S. epidermidis, P. aeruginosa, C. albicans,
and Cr. neoformans during their 2"°—3™ passages in
human leukocyies.

Our comparative analysis of susceptibility to

Fig. 3. Sensitivity changes (%) to antibiotics (/—13)
following Enterobacteriaceae passages in OH-1 cells:
I — stable; 2 — unstable; 3 — amp; 4 — amk; 5 —
amx; 6 — cix; 7 — tet; 8§ — caz; ¢ — tob; /0 - cip;
il —cro; 12 —chl; 13 — kf

Fig. 4. Sensitivity changes (%) to antibiotics (f—/3)
following Enterobacteriaceae passages in L4l cells:
I — stable; 2 — unstable; 3 — amk; 4 — amp; 5 —
kf, 6 — tet; 7 — caz; 8§ — tob; 9 — amx; I — chl;
If —cro; 12 — cip; 13 — ctx

antibiotics in gram-positive and gram-negative bac-
teria as well as in yeast-like parasites during their
passages through cultured human leukocytes shows
the suscepiibility changes; usually such changes are
detected more often in gram-negative bacteria and
yeast-like fungi.

Among 15 enterobacterial strains the suscep-
tibility changes were registered in 12 ones. The (S —»
- R) transitions were seen with such antibiotics as
ciprofloxacin (for 1 strain), tetracycline (for 3 stra-
ins), and amikacin (for 1 strain). The (R = 5)
changes were registered for tobramycin (3 strains),
ciprofloxacin (1 strain), amoxicillin/clavulanic acid (2
strainsy, cefiazidime (2 strains), cefiriaxone (i stra-
in). The changes of MRS — HRS type were detected
for cefazolin (2 strains), ciprofloxacin (2 strains), and
amoxicitlin/clavulanic acid (1 strain). The transition
MRS - 8S was found for tobramycin (in 1 strain),
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Stable — 75
Unstable - 25

2

amoxicillin/clavulanic acid {(in 1 strain), and cefepime
(in 1 strain). Only two ciprofloxacin-susceptible stra-
ins show the changes from SS to MRS phenotype.

The enterobacterial transitions from SS to resis-
tant phenotype during the 2°*-—3" passages in human
leukocytes occur in 80 % of strains tested; they
became resistant to tobramycin, ciprofloxacin, amo-
xicillin/clavulanic acid, ceftazidime, ceftriaxone, cefa-
zolin, cefepime, and amikacin. The same bacteria
keep their susceptibility unchanged as well as their
resistance to ampicillin, gentamicin, and imipenem.

The data concerning the changes of P. aeruginosa
susceptibility /resistance during the passages through
human leukocytes show such changes in three strains
among five ones. The transition from S8- to MRS-
phenotype was found for amikacin (2 strains) and
netilmicin (1 strain). One strain susceptible to cipro-
floxacin became resistant to this drug. The second P.
aeruginosa strain with moderate resistance to cefo-
perazone lost this property becoming a susceptible
strain. The third strain of high anti-amikacin resis-
tance obtained a moderate resistant phenotype. One
P. aeruginosa strain demonstrated unstable resistance
to carbenicillin.

The susceptibility/resistance of P. aeruginosa
strains concerning such antibiotics as gentamicin,
imipenem, cefepime, azlocillin, and ceftazidime show
no changes.

The passages of Candida genus representatives
in human ieukocyie cuitures demonsirate ofien un-
stable type resistance against some antibiotics: fluco-
nazole (in 2 strains), clotrimazole and amphotericin B
{in 1 strain); in addition, one Candida strain shows
the HRS — MRS transition. Stable susceptibility to
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Fig. 5. Sensitivity changes () to antibiotics (/-3
following Candida and Cryptococcus passages in
cultivaied cells: / — flu; 2 — clo; 3 — amph

nystatin was found for all Candida strains used in our
investigations,

Similar results were obtained with two Cr. neo-
formans strains being constantly susceptible to nys-
tatin during three passages. At the same time these
passages sometimes lead to the resistance develop-
ment in susceptible strains: one strain became resis-
tant against clotrimazole and amphotericin B, another
strain developed a fluconazole-resistant phenotype.

Two species of gram-positive bacteria — S. au-
reus (1 strain) and S. epidermidis (2 strains) — are
less variable, the only transitton (from higher 1o
lower) was found for ciprofloxacin resistance.

It is evident that the changes in antibiotic sus-
ceptibility of different microorganisms appear follo-
wing their passages through several cell lines of
different species origin as well as through human
leukocyte cultures. If the microorganisms change their
susceptibility to certain antibiotics during passages, it
is clear such drugs are not adequate for clinical
practice use. Special attention should be paid to
susceptibility changes in Enterobacteriaceae strains,
P. aeruginosa, yeast-like organisms being susceptible
to antibiotics chosen following the Bauer-Kirby test.
Such changes may result in insufficient treatment
results in clinical use. We found several antibiotics
being continuously effective against Enterobacteria-
ceae and P. aeruginosa — ampicillin, gentamicin, and
imipenem.

The yeast-like microorganisms belonging to Can-
dida and Cr. neoformans change also their suscep-
tibility to some antibiotics including fluconazole, clo-
irimazole, and amphotericin B, their susceptibility to
nystatin being kept without changes.
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Table 2

Determination of enterobacterial strain 1646 susceptibility to antibiotics and ifs resistance to antibiotics during its growth in the I41

established cell line (24 h}

Antibiotic (the zone diameter, mm, of inhibited growth for etalon strains)
N Strains
amp I el I gen l tob l amk [ chl I cip -L cx | cpr l kf cro I caz | amx I imp \ cep
1646 HRS Rh] HRS MRS MRS HRS 88 S8 S5 MRS ss 88 HRS 58 S5
cC HRS S8 HRS 35 83 HRS 35 SS 58 MRS Ss S8 HRS S8 S8
MCC SS HRS HRS HRS HRS HRS S5 HRS S8 HRS HRS HRS S8 MRS  HRS
CMO HRS S5 HRS MRS MRS HRS S§ S8 S8 S8 58 58 HRS 8§ S5
Table 3
Influence of a- and y-I1FN on ability to antibiotics susceptibility changes
Antibiotic (the zone diamefer, mm, of inhibited growih for etalon strains
N Sirzins Effect
amx cix kf caz cra amk
724 Initiation S8 S8 Ss Ss — —
C HRS HRS HRS HRS HRS — —
a-IFN HRS HRS HRS HRS HRS — —
396 Initiation — MRS MRS HRS — MRS MRS
C — HRS HRS HRS —_ 8s HRS
y-1IFN — 58 HRS MRS — 88 S8

The changes of microorganism susceptibility to
antibiotics are due to numerous factors including
properties of bacteria/yeast-like agents, properties of
their host cells, culture media with all their com-
ponents, and metabolic products. The unstable results
obtained in our investigations and their changes
during the passages carried out led us to a hypothesis
concerning the metabolic products as the main varia-
bility factor. To verify this hypothesis, we carried out
the following experiment in a model system using an
enterobacterial strain, 1646, with multiple changes of
susceptibility to antibiotics. The bacteria were grown
in:

1. L41 cell culture washed carefully from its
culture medium before bacterial infecting (cell cul-
ture, CC);

2. Medium following the L41 cell line cultivation
(medium post cell cultivation, MCC);

3. RPMI-1640 (cell medium, original, CMO}.
The results obtained are presented in Table 2. They
show the susceptibility changes to occur in the MCC
containing cell metabolic products including also cyto-
kines, e. g. IFN.

Due to these data, a question arose about pos-
sible IFN participation in changes of antibiotic sus-

ceptibility for different microorganisms. To answer
this question, we carried out some additional re-
searches. The L41 cells were pre-treated by recom-
binant IFN preparations, IFN-¢-2b, or by an IFN-y
preparation (see above; both preparations contained
10° I. U.) (10® bacterial cells/ml). The results obtai-
ned are given in Table 3.

The data presented in Table 3 show that during
two strains (724, 396) strains cultivation in L41 cell
line, they change their susceptibility to antibiotics,
the susceptible bacteria becoming resistant to amo-
xicillin/ clavulanic acid, cefotaxime, ciprofloxacin, cef-
triaxone, and ceftazidime. The IFN-z-2b exerts no
influence on susceptibility changes.

The results obtained in the experiments with the
IFN-y preparation concerning its effect on the strains
724 and 396 susceptibility/resistance suggest this
cytokine to promote the R — S transition for ami-
kacin, cefotaxime, ciprofloxacin, ceftriaxone, and ce-
fazolin.

Similar results were obtained while cultivating
Enterococcus faecalis in human neutrophils with
gamma-1FN (1) and Listeria monocytogenes in mac-
rophages with the same cytokine (2},

All these data allow the conclusion that the
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Bauer-Kirby test as well as other similar tests using
bacterial nutrient media do not give information
sufficient for therapeutic schema elaboration including
antibiotic use in vive. They need additional correction
to determine real antibiotic susceptibility for different
infectious agents. The cell-produced IFNs may exert
their effect on bacteria ability to change their anti-
biotic susceptibility.

C. A Pubasxo, O. R. Iloxac, B. A. Hees, T.- M. Jackoscekuil,
T. M. @ypaixosa, C. T. Andwnx, H. B. Isancexa, H. 1. Hacmoawa,
I1. 1. Bepxausxuii, C. T. Canvros

3misa uyrmeocTi 10 aHTHOIOTHKIB (uTamis Gaxkrepiit | rpubis npw
KYMETHBYEAHHH] iX Y MEPeILEMUIIOBAHNX KYABTYPaxX KJITHH JHAMHH
i TRApPUH

Peaome

ITpu e3aemo0ii Gaxmepii [ ecpubie 3 Kkaimuwnamu NOOuHL mMa
maapun idenmugbixodano henomen pesepcii wymuusocmi ma pesu-
cmenmuocmi 0o anumubiomuxie Gaxmepiid i pubis. Baacmusicme
pesepcii wymaudocmi baxmepiii | cpufia 0o desxux awmubiomuxia
Hecmabinena, GOHA IMIHIOEMbCA Gi0 nacaxy 00 nacaxy, o Moxe
obymoeniosamu. HeepeKmugHicms nikyeanHs aumubiomuxany Hpu
YUHHRX MEMo0ax écmaHosAeHNR wymausocmi o anmubiomuxie
baxmepiti | ¢pubic. Aemopu nponowyroms moGudicysamu mecm
anmubiomukowyniiusocmi Oakmepli | cpubis, esudinexnux Ha no-
MUGHUX Cepeosuuiax, KYAbMusYeannam IX y kynomypi nepeuwien-
ROBQHUX KaiMun abo Nelikouumax moduniL

Kuowoai caosa anmubiomuxy, xaimunu, enmepobaxmepil, pe-
3ucmenmuicme.

C. JI. Potfanko, E. B. [Toxac, B. A. flees, T. M. Jackosckui,
T. M. dypaurosa, C. T. Andwon, H. B. Heanckas,
H. H. Hacmosuwasa, IT. IT. Bepxauyxui, C. T. Canbkos

HaMeneHMe YOTONUMBOCTH K aHTHOMOTHKAM IITAMMOB GakTepii
u apoxxenonobueix rpuboB NpU KYABTUBHMPOBAHUYM HX B
TIEPEBMBAEMBIX KYJIBTYPAX TKAHEN UeNiOBEKA M JKMBOTHRIX

Peaiome

TTpu esaumodeiicmaun baxmepuii u zpuboeé ¢ Kremxamu veNDexa
U KUGOMHLIX udenmipuiuposan GeHoOMEN PeGepCUlt HYBCEUMEb-
HOCHU & PE3UCMenmHOcHtu K anmubuomukam baxmepuii u 2pubos
G 3AUCUMOCMI OM YCnoduil abipaugudaiun. Ceolicmeo pesepcuu
uygCmaumersiocmis baxmepuii u cpubos K HexomopblM anwmubuo-
Mukam HECMABUALHO, OMO WIMEHRENMCA OM HACCAXA K RACCAXY,
ymo moxem obycaodausams neapbexmuaHocme aeuenus anmabu-
OMUKAMU NPU  CYUECHIBVIOWEM MEMOode Onpe0encHuR 4YGCMai-
measHocmu kK armubuomuxam baxmepuii u 2pubos. Aemopet nped-
aai@omn moduduuyuposams mectm GHMUOHOMUKGHYSCIBUMENbHO-
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cmiu Baxmepuil u epubos, GoldererioiX HQ NUMAMMEALHLIX Cpedax,
KYROMUGUPOSAHUEM UX 8 KYRLMYPC REPeGUBEEMbiX KACMOK Wi
REUKOYUINAX 42A06EK0.

Kuoueaoie cnoda: aHmubuonmuici, Kaemku,
PESUCTNERTTHOCTTD.
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