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PLASMID PROFILE, COLICINOGENY AND PHAGE SENSITIVITY
AS INDICATORS OF THE DYNAMICS OF ESCHERICHIA COLI
POPULATIONS IN THE HUMAN GUT

A possibility to use such bacterial phenotypes as plasmid profiles, colicinogeny and phage sensitivity as
dynamics indicators of enterobacterial population in the human intestine was considered in the present work. All
these three phenotypes, considered together with the type of enterobacterial association and age of the patients
may reflect the dynamic state of the individual E. coli population that is currently prevailing in the intestinal
microflora. The data on plasmid profile structure, colicinogeny and phage sensitivity indicate to considerable
quantitative and qualitative diversity of E. coli genetic elements and the intensive interaction between bacteria in
the human gut. This diversity is reflected on the formation of the dynamic population of intestinal bacteria, which
obviously depends on the host age. The evaluation of the three above mentioned phenotypes confirmed that the
E. coli isolates are closely coordinating with other members of the intestinal microbial association. It is noted
that the plasmid frequency increases, the colicin range expands and phage sensitivity decreases in E.coli cells
simultaneously with the increase of the number of enterobacterial species in the gut. The dynamics of changes
in the biological features was observed among E. coli strains from different age groups of patients. The most
significant was high frequency of colicinogenic strains in adult patients and di-associated E. coli containing one
large plasmid in the youngest patients with dysbiosis.

K ey wo rds: intestinal microflora, Escherichia coli, plasmids, colicinogeny, phage sensitivity,
enterobacterial association, patient age.

Intestinal microflora is one of the key factors in homeostasis control being in strong mutualistic
relations with the host [7]. In humans the normal composition of the intestinal microflora is formed
in several stages. The occupation of the human gut by microbes begins within the first hours of life.
Recently, it has been shown that the most “favorable” intestinal microflora develops in children,
which were born in natural way, were on breast feeding and were not exposed to treatment with
antibiotics [18]. The largest fluctuations in the number of the intestinal microorganisms are observed
in children at the age under 1 year.

The composition of the intestinal flora is stabilized finally within the first two years of life [8].
Modern molecular techniques have revealed more than 500 species of bacteria living in the human
gut, most of which are not cultivated [23]. It is interesting, that the host genotype may take influence
on individual features of the bacterial and virus associations in the gut [19, 27]. In general, the
intestinal microflora represents one of the most complex econiches, often considered as a separate
organ of the human body [17].

Despite the fact that £.coli makes up about 1% of the total microbial number of the gut bacteria,
it plays an important role in implementing various functions of the intestinal flora. Colicinogeny is
one of the most important properties of this bacterium which is significant for the gut health. Colicins
are one of the killer factors that bacteria may use to suppress competing microbial species [6], they
are essential for establishing normal microflora in children [9] and may be responsible for the rapid
invasion [24]. It is also shown that colicins can provoke apoptosis of the cells in the intestinal mucosa
[4] and can be involved in the development of Crohn’s disease [3]. In addition, colicins can perform
the dual role and act both as antibiotics and probiotics [10].

Plasmids as extrachromosomal genetic elements perform diverse functions which increase adap-
tive capabilities of bacterial cells [22]. At the same time, plasmids may be regarded as a hallmark of
a bacterial species and/or a strain because of their physical and functional features. Usually, plasmids
of just isolated bacteria have specific genes which are needed for survival in the environment and
may be helpful in identification of the infection origin. Plasmids of E. coli are directly related to
colicinogeny [6] and are often the cause of phage resistance [16] in E. coli. The last phenotype — the
phage sensitivity of bacterial population — is essential to development and administration of phage
therapy products for prophylactics and treatment of bacterial infections [2].
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The present research is a continuation of the previous ones [5, 14]. Its aim was to study the plas-
mids composition, colicinogeny and phage sensitivity of E. coli strains isolated from patients with
impaired bowel eubiosis, as well as to determine the relations of these phenotypes with the level of
dysbiosis and age of the patients. The objects of the study were strains of E. coli, isolated from the
faeces of patients which were living in the Lviv Region (Ukraine) with suspected intestinal dysbiosis
of different etiologies. Dysbiosis was diagnosed based on microbial paysage of patient's faeces (data
not shown). Overall, 94 patients aged between 2 weeks and 57 years were examined for the composi-
tion of the association of gut bacteria.

Materials and Methods. Selection and identification of bacterial isolates. ldentification of
opportunistic enterobacterial pathogens was performed by commercial test systems ENTEROtest
24 M and NEFERMtest 24 N (Erba Lachema, Czech Republic), and commonly known differential
media for Enterobacteriaceae [1]. In most cases one E. coli isolate was collected from each sample.
As a result, 94 isolates of E. coli were collected and analyzed.

Extraction of plasmid DNA was performed by alkaline lysis method [13] with modifications.
E. coli isolates were grown on LB-plates overnight at 37 °C. The fresh cells were collected with
calibrated loop and carefully suspended in 100 pl of TAE buffer (40 mM Tris-acetate, pH 7.9;
2 mM sodium EDTA). The suspension turbidity corresponded to the optical density at 600 nm
of 0.8. Then the cells were mixed with two volumes of the lysis solution (3% SDS; S0mM Tris,
pH 12.6). The samples were heated during 60 min at 55 °C in a water bath and carefully mixed with
an equal volume of acid phenol with chloroform (1:1). After centrifugation of the mix at 11000g for
5-10 min, the aqueous phase was carefully collected and analyzed for the presence of plasmid DNA.
Electrophoretic separation of the plasmid DNA samples was carried out in 0.7%-1% agarose gels
in TAE buffer-system, strength 6-10 V/cm during 4-6 hours. The gels were stained with ethidium
bromide (1 mg\ml) and visualized in UV. Plasmids F (100 kb), RP4 (54 kb), pBR322 (4.4 kb) from
E. coli, and pCA25::Tn9 (12 kb) from Pectobacterium carotovorum 7/4b [21] served as plasmid size
markers.

Colicin production was examined by the stunted antagonism method [20]. The E. coli isolates
were grown overnight at 37 °C on LB-plates until individual colonies appeared. The single colonies
were treated with chloroform vapor for 50 minutes following which the indicator strains were applied
by the agar overlay method: 5ml of soft LB (0.5 % agar) containing 0.1 ml of an active indicator
bacterium was applied to the solid LB layer. To obtain an active culture the cells were grown for
18 hours with aeration in LB-broth at 37 °C, then the overnight cultures were diluted 1:100 in fresh
LB-broth and grown under the same conditions to the concentration 2 x 108 cells/ml. The well known
laboratory strains of E.coli K12 and C600, B* and Cla belong to groups K, B and C, respectively,
they were used as the colicin sensitive indicators [S]. E. coli M-17 which is a component of the
commercial product “Colibacterin” (Biofarma, Ukraine) was also used as an indicator. The results
were estimated after 18 hours of incubation of the plates at 37 °C. If there was a noticeable area of
the growth inhibition of the indicator strain around a single colony this E. coli isolate was considered
as a producer of colicins. The diameter of the inhibition zone was measured in mm. The conditional
definition “a broad range of colicin activity “ was used for those E. coli isolates, which produced the
colicins active against three or more indicator strains listed above.

Phage sensitivity of the E.coli isolates was evaluated against some sets of coliphages: T4-like
bacteriophages - T2, T4, RB43, Lw1 [15], T7-like bacteriophages - T7 and FE44 [25], phage-satellite
P4 and F pili-specific bacteriophage MS2. The agar overlay method was also used here. The E. coli
isolates were used as phage sensitive indicators. After solidification the drops of 5 ml of the phage
suspensions which contained 10%-10° PFU/ml were applied to the surface of the two-layer plate. The
same phage suspensions dropped on specific phage-sensitive indicator strains of E. coli were used
as a control.

Sensitivity to antibiotics of some E. coli isolates was studied using the paper-discs agar plate
method. Results were interpreted as “sensitive” and “resistant” strains of E. coli, in accordance with
the recommendations for each group of antibiotics. The sensitivity to 19 antibiotics of 7 different
groups was established: aminoglycosides (amikacin, gentamycin, kanamycin), fluoroquinolones
(gatifloxacin, norfloxacin, ofloxacin, pefloxacin, ceprofloxacin), nitrofurans (furagin, furamag),
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cephalosporins of I, II, and I1I generations (cephalothin, cefuroxime, cefotaxime and ceftriaxone), as
well as amoxiclav, chloramphenicol, tetracycline were evaluated.

Analysis of the results. Regardless of the proposed selection criteria (the type of the gut
enterobacterial association, the patient’s age and presence of family relationships) the plasmid
frequency, colicinogeny and phage sensitivity for each group of E. coli isolates were evaluated.
Plasmid frequency for the strains carrying two or more plasmids (named “polyplasmid strains™) or
containing one large or one small plasmid (named “monoplasmid strains”) was determined among all
plasmid carrying E. coli isolates in the group. The frequency of large plasmids was also calculated.
Among the colicinogenic E. coli isolates the frequency of strains with broad range of colicin activity
(killing three or more indicators) was determined.

Results. E. coli isolates of 94 items were originally selected. From this group 89 E. coli strains
were selected after the initial screening for the microbial composition of the faeces samples. Five
E. coli isolates were not included in this group because the normal microbial status of the gut was
observed in five cases.

Finally, two groups of E. coli isolates were formed: a group of strains isolated from the patients
with gut dysbiosis (89 strains) and a group of strains isolated from the patients with gut eubiosis
(5 strains). A comparative study of these isolates was performed taking into account such parameters
as: plasmid profile and frequency, the ability to produce colicins and phage sensitivity. The analysis
also considered the structure of the gut enterobacterial association and age of the patients.

Characteristics of E. coli isolates of patients with gut dysbiosis depending on the type of associa-
tion of the gut enterobacteria.

When analyzing the number and species composition of the enteric bacteria, we have identified
E. coli without concomitant enterobacteria in 27% of patients. E. coli associated with one species of
opportunistic enterobacteria (such as Klebsiella, Sitrobacter, Pantoea, Enterobacter, Proteus, Provi-
dencia and Morganella) were isolated in 39% of the cases, and E. coli associated with two or more
opportunistic enterobacteria were isolated in 34% of cases. Therefore, the group of dysbiotic E. coli
strains (n=89) was divided into three subgroups: mono-culture (just £. coli), di-association (E. coli
associated with one opportunistic enterobacteria) and poly-association of enterobacteria (E. coli as-
sociated with two or more other enterobacteria), respectively (Table 1).

Table 1.

Plasmid frequency, colicinogeny and phage sensitivity of the E. coli isolates (n=89) depending
on the composition of enterobacterial associations

Type of enterobacterial association
Frequency of phenotypes Monoculture of E. coli | Di-association | Poly-association
(n=24; 27%) (n=35; 39%) (n=30; 34%)

Plasmid E. coli isolates 58% 66% 70%
Poly-plasmid E. coli strains* 50% 52% 71%
The isolates carrying large plasmids* 79% 78% 86%
Colicinogenic strains 30% 37% 33%
E. coli isolates producing colicins with 43% 62% 80%
broad range of killer activity**

Phage sensitive E. coli isolates*** 54% 60% 33%

Note: in this Table and Table 2:

* - among all plasmid strains;

** _ the «colicins of broad range of killer activity» — those ones which are active on three or more indicator
E. coli strains;

**%* _ the «phage sensitive E. coli isolate» display phage killer effect or phage plaques on their lawns; see the
list of bacteriophages in Materials and Methods.

The number of the plasmid carrying E. coli isolates (Fig.1) increases in the direction “mono-
culture — di-association — poly-association”, and is 58, 66 and 70%, respectively (Table 1). In E. coli
strains isolated from the poly-association the plasmids were found more often than in the two other
subgroups (Table 1). Large plasmid frequency in the first two subgroups is similar and is 79% and
78%, respectively, while for the poly-associated E. coli isolates the value increases to 86%.
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Fig. 1. I. The plasmid profiles of 12 diverse E. coli strains isolated from patients with dysbiosis.

Electrophoresis in 1% agarose gel, 2 h. II. A. Plasmid profiles of E. coli strains isolated from patients

with gut eubiosis. Electrophoresis in 0.8 % agarose gel, 4 h. The gel track numbers match to the strain

numbers which are pointed out in the Table 4. B. A scheme of localization of small plasmids in the gel.
Ch — remnants of bacterial chromosome, LF — linear form of pBR322.

In each of the three sub-groups of E. coli strains, based on the type of enterobacterial association,
approximately one third of the strains turned out to be colicinogenic (Table 1). However, the range
of colicin activity naturally expanded depending on the number of the enterobacterial species. Thus,
the number of the E. coli strains of the broad range of colicin activity has also increased consistently
from E. coli, isolated in mono-culture (43%), through E. coli from the di-association (62%) to the
poly-associated E. coli strains (80%).

Phage sensitivity among the E. coli strains isolated in the mono-culture and di-association was
similar (54% and 60% sensitive strains, respectively). The noticeable decreasing of sensitivity to the
phages was detected among strains of E. coli, isolated from enterobactrerial poly-association (33%).

Properties of E. coli, isolated from patients of different age groups.

The E. coli isolates were also grouped based on the patient age. We were able to identify the three
age categories: 1) patients aged from 1 month to 1 year (group I strains, n = 30), 2) patients aged from
1 to 6 years (group Il strains, n = 18), 3) adult patients aged from 18 to 45 years (group IlI strains,
n=25). Thus, the dependence of the type of bacterial association, plasmid diversity, colicinogeny and
phage sensitivity of E. coli on the age of the patients was analyzed for 73 strains (Table 2).

In pediatric patients (Table 2, group I and II), E. coli is most often isolated in association with one
additional type of enterobacteria (46 and 50%, respectively). In the group I strains (1 month - 1 year)
36% of E. coli isolates were also in poly-association. At the same time, in adult patients (group III
strains) E. coli was most frequently isolated in the mono-culture and in poly-association (44 and 40%,
respectively).
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Table 2.

Features of the E. coli isolates depending on the patient age

Features Group I patients Group II patients | Group III patients

1month-1 year age | 1-6 years age 18-45 years
(n=30) (n=18) (n=25)

Type of enterobacterial association:

Mono-culture of E.coli 17% 22% 44%

Di-association 47% 50% 16%

Poly-association 36% 28% 40%

Plasmid E. coli isolates 73% 56% 56%

Poly-plasmid strains* 41% 70% 93%

The strains carrying large plasmids®* | 73% 90% 86%

Colicinogenic strains 27% 22% 44%

E. coli isolates producing colicins

with broad range of killer activity 63% 50% 64%

among them **

Phage sensitive E. coli isolates*** 53% 40% 52%

* kk xxx _gee Notes to Table 1.

Plasmid containing E. coli isolates were most frequently observed in group I, in the youngest
patients (73%). In two other groups a little more than a half of the strains contained plasmids of dif-
ferent sizes. However, in these groups poly-plasmid E. coli strains were found more often, whereas
in the group I mono-plasmid strains were found in 59% of the cases. The large plasmids (50 kb and
more) were detected in most plasmid containing strains in all age groups (73%, 90% and 86%, re-
spectively), and E. coli strains containing only small plasmids were rarely detected.

Colicinogenic strains were more often isolated in adult patients (42% of the strains, and 25%,
and 26% in children’s groups, respectively), but the activity range of colicins did not depend on the
age of the patients.

Correlations between phage sensitivity of the E. coli isolates and the patient’s age was not ob-
served. About a half of the strains in each group were sensitive to bacteriophages (Table 2).

E. coli isolated from patients with the gut eubiosis.

In five patients, aged from 3 months to 2 years, the intestinal microflora was normal. Five E. coli
strains were isolated and taken as a comparison group. As it is seen in Fig. 2, four of the five com-
parison strains contained multiple circular plasmid DNA of various sizes - from 2 to 5 plasmids per
cell. The general properties of the strains are presented in Table 3. It should be noted that two of the
five reference strains produced colicins, all the five strains were insensitive to the T4-like phages, but
sensitive to phages T7 and FE44. Multiple resistance to antibiotics was shown for three of them.

Table 3.

Phenotypes of E. coli strains isolated from patients aged from 3 months to 2 years with gut

eubiosis.
N | Plasmids’ Colicin production? Phage sensitivity? Antibiotic resistance*
1 (2200 - FE44 3
2 1422 — MS2 11
3 [2a/m) + FE44 ,
4 |5(2/3) + T7, FE44 16
5 10 - FE44 —

!'Here and in Table 4, the common number of plasmids in the strain is pointed out at the front of a parenthesis;
the numbers of large and small plasmids, respectively, are pointed out in the parentheses after a slash; 0 —
plasmids were not found;

2 (—) — colicin lysis zones were absent on the lawns of all used indicator E. coli strains,

(+) — a colicin lysis zone appeared on at least one indicator strain;

3 the bacteriophages killing the cells of the E. coli isolate as pointed out in the column;

* the number of the antibiotics to which the presented E. coli isolates are resistant is in the column; there is
the list of used antibiotics in Materials and Methods; (—) — the test was not done.
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Family A Family B scheme

1{2]13].4

Fig. 2. Plasmid range of relatives living in one family. Family A. 1, 2 — mother, 3 — daughter;
Family B. 1 and 2 — twins, brother and sister, respectively, 3 — mother, 4 — father; the scheme —
localization of small plasmids. Electrophoresis in 0.8% agarose gel, 4 h.

E. coli isolated from patients living in one family.

There are strains isolated from relatives living in one family in our sample. These strains also
appeared very diverse. As it can be seen from Fig. 2, plasmid profiles of “family” strains did not coin-
cide simultaneously for all family members. They could only coincide for the E. coli of two relatives
of the family consisting of 3 or more persons. However, in this case, colicinogeny and phage sensitiv-
ity of those strains could be different (Table 4). In the non-plasmid isolates the biological diversity
manifested in sensitivity to phages.

Table 4
The «Family» E. coli isolates
N é ?é i} E Phage sensitivity
= s » 5 o) -«
| 25 |2 FE e |z B |E s E B
A mother 32\ |- - + - - - - - R
the same 2 (I\1D) |- - - + + + + - R
daughter 1(0\1) [M-17, BF |- - - - - - + _
B mother 2 (1\1) |all + - - - - B + +
sister twin 2 (I\1) [all - - - - - - - R
brother twin |1 (1\0) |- - + - - + + - -
father 0 C600 - - - - - + - -
C mother 0 all - - + - - - + -
daughter I 1 (1\0) |- - + - - + + - -
daughter Il |0 - - - - - R R + +
D mother 0 - - + + - -
father 0 - - - - R R
the same 0 - - - - - - - - R
daughter 0 - - - - - - - - -
E sister [ twin |0 - + + - - + - -
sister II twin |0 - - - + - - - - -

'see Note 1 of Table 3;

2 the E. coli strains pointed out in the column were sensitive to colicins produced of the «family» E. coli
isolate. The list of colicin indicator E. coli strains is in Materials and Methods; (-) — colicins were not found
for the set of the E. coli indicator strains used in the study.
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Discussion. The data on plasmid profile structure, colicinogeny and phage sensitivity indicate to
considerable quantitative and qualitative diversity of E. coli genetic elements and intensive interac-
tion between bacteria in the human gut. This diversity is reflected on the formation of the dynamic
population of intestinal bacteria, which obviously depends on the age of the host [12]. The E. coli
isolates containing a single large plasmid were more similar because plasmid DNA of the same size
could be detected in their cells, but these strains were different in colicinogeny and sensitivity to
bacteriophages. Any similar couple of the E. coli isolates having identical plasmid profile was not
found between the strains carrying a single small plasmid or polyplasmid E. coli. At the same time
there were no strains with identical colicinogeny and phage sensitivity among the non-plasmid E. coli
isolates.

Biological diversity was also detected among E. coli isolates obtained from the patients living
in one family. Similarities in two of the three phenotypes could be found here, so that the properties
of the “family” strains may partially overlap. Despite the fact that the absolute identity was not ob-
served, these E. coli can also be collected in distinct “family” groups [26].

The expression of bacterial features is influenced by the microbial environment. It is noted the
plasmid frequency increases, the colicin range expands and phage sensitivity decreases simultane-
ously with the increase of the number of enterobacterial species in the gut. Most of the E. coli strains
(73%) were isolated from the association with other opportunistic enterobacteria such as Klebsiella sp.,
Citrobacter sp., Pantoea sp., Enterobacter sp., Proteus sp., Providencia sp and Morganella sp. that
indicate to the imbalanced gut microflora. However, the evaluation of the three above mentioned
phenotypes confirmed that the E. coli isolates are closely coordinating with other members of the
intestinal microbial association.

Polyassociated E. coli more often contain plasmids and their plasmid profile usually consists of
more than one plasmid. The fact that the detection of colicin producing strains does not correlate with
the type of enterobacterial association can be explained by rather narrow group of indicator strains
that were used in this study. Nevertheless, we believe that colicinogeny of indigenous E. coli should
be taken into account both when prescribing and creating a coli-containing probiotics.

A regular increase of the number of small plasmids was found in E. coli during the expansion
of enterobacterial association in intestinal microflora. Most likely, these plasmids were associated
with spreading of the colicin killer activity [11]. However, in this case the source of acquisition or
the mechanism for maintaining additional colicinogenic plasmids by indigenous E. coli strains was
not clear.

The dynamics of changes in the biological features was observed among E. coli strains from
different age groups of patients. The most significant was high frequency of colicinogenic strains in
adult patient (group IIT) and di-associated E. coli containing one large plasmid in the youngest pa-
tients (group I). The association with some other opportunistic enterobacteria may reflect the physi-
ological dysbiosis which is often observed in children. In respect to large plasmids, we supposed that
they may be involved in the adaptation of E. coli to the main type of feeding of this age children.

Until today, it was not clear how antibiotics affect the dynamics of microbes in macroorganism.
The common popularity of antibiotics, their frequent uncontrolled application for medicine purposes
and food production [17] do not allow to examine patients who have never used them and make it
impossible to collect a control group of patients. In this regard we can assume that multiresistant
bacteria are typical of the normal microflora of a contemporary human.

Each of the above considered phenotypes is not obligatory for an individual bacterial strain,
but their joint consideration allows us to estimate the efficiency of this strain as a component of the
healthy intestinal microflora. A detailed study of the plasmid incompatibility, genetic determinants
of colicinogeny and phage sensitivity of the gut bacteria at the level of the phage adsorption barrier,
restriction/modification systems and others will allow us to understand the population dynamics of
enteric bacteria depending on the age and health state of an individual host organism.
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TIJIASMM/THBIN ITPO®NITB, KOJIMIIMUHOTEHHOCTD
N ®PATOYYBCTBUTEJBHCTDb KAK NHINKATOPBI JTUHAMUKN
MNONYJAAIUN ESCHERICHIA COLI B KNIIIEYHUKE YEJIOBEKA

Pesome

B nanHo#i paboTe paccMaTpuBaeTCs BO3MOXKHOCTB HCIOIB30BaTh B KaUECTBE TOKA3aTeIel IMHAMHUKH T10-
MyJAINHA KMIIEYHBIX SHTEPOOAKTEpHUii ueIoBeKa Takiue OaKkTepHabHble PEHOTHUITBI KaK MUIa3MHUIHBIA TTPOQHIIb,
KOJIMIIMHOTEHHOCTh M (harouyBCTBUTEIBHOCTb. DTH TPU (DEHOTHIIA, PACCMATPUBACMbIE COBMECTHO C THIIOM
accoILMaNiy HTEPOOAKTEPU U BO3PACTOM ITALMEHTA, MOTYT OTPaKaTh JMHAMUYECKOE COCTOSHUE MHIMBHIY-
anbHOW momynsinun Escherichia coli ¢ xnmeunnke denoseka. [TomydeHHbIC TaHHBIE OTHOCHTENBHO CTPYKTY-
PBI TUIa3MHUJHOTO TIPOGHIIS, KOTUIHHOTEHHOCTH U (paroqyBCTBUTEIBHOCTH CBUJICTEIBCTBYIOT O 3HAYMTEILHOM
KOJIMYECTBEHHOM M KaYeCTBEHHOM Pa3sHOOOPA3HH TCHETHYECKHX 3JIEMEHTOB E. coli n 00 MHTCHCUBHOM B3an-
MOJCHCTBHM MKy OaKTepHsAMHU B KHIICYHHKE. DTO pa3HOOOpasue oTpaxkacT (popMUpPOBAHHE IMHAMHYECKOH
TOITYJISIIMH KNIIIEYHOH MaJ04KH, KOTOPOE, 3aBHCHT OT Bo3pacTa nanuenTa. Onpe/eneHne Tpex BhIeyKa3aHHbIX
(deHotHnoB y E. coli IOKa3bIBACT, YTO €€ KMU3HEACATEIBHOCTh TECHO CKOOPIMHUPOBAHA C APYTUMH YICHAMI
MHKpPOOHOH 3HTepoOaKTepHaIbHON acCONHMaliy KHIeyHnka. OTMEUEHO, YTO OJHOBPEMEHHO C BO3pPAaCTaHHEM
KOJIMYECTBA BHIOB SHTEPOOAKTEpU B KMIICUHUKE y E. coli yBeNMYMBAeTCs 4acTOTa OOHAPYKEHUS IUIa3MUI,
PACIIMPAETCS CNEKTP aKTMBHOCTH KOJNHIIMHOB U CHIDKACTCS UyBCTBHTEIBHOCT K OakTepuodaram. J(nHamuka
N3MEHEHMH OMONIOTHYECKNX CBOWCTB HAOTIONACTCSA M CPEIH M30IATOB E. coli, TIONYYeHHBIX OT MAIMECHTOB M3
PAa3IMYHBIX BO3PACTHBIX rpymil. Hanboree 3HAYNTENBHBIMU U3 HUX SABJIAIOTCS OOJIee BHICOKAs 4acToTa OOHapy-
JKEHHs KOJMIMHOTEHHBIX IITAMMOB Y B3POCIBIX MAIIUCHTOB M BBIICICHHUE H30IATOB E. coli ¢ ofjHOI 60mbIIoi
TUIa3MHUJIOH Y JleTelt 10 rofa ¢ JUCON030M KHIICYHUKA.

KuroueBsie cioBa: kumeynas Mmukpodiopa, Escherichia coli, nna3Mubl, KOTHIMHOTEHHOCTb, (haroqyBc-
TBUTEIIBHOCTb, ACCOLMALIHS YHTEPOOAKTEPHIA, BO3pACT TALHEHTA.
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TIJIASMIJTHAMA TPO®LIb, KOJIIIMHOTEHHICTD 1 ®PATOYYTJIUBICTH
SAK THIAIKATOPH TUHAMIKHA NONYAAIIA ESCHERICHIA COLI
B KUIIEYHUKY JIOAUHU

Pesome

B momaniit po6oTi poO3MIANAETHCS MOXIIMBICTH BUKOPUCTAHHS Y POJi ITOKA3HUKIB JAMHAMIKH ITOIYIISILii
KHMIIKOBUX €HTEPOOAKTepii MIOAMHK TaKi OakTepiaiabHi ()EHOTHIH SK TUIa3MiAHUI Mpodiab, KOMIHMHOTEHHICTh
i ¢arouyrmuBicts. Lli Tpu deHOTHIM pa3oM i3 TUIIOM acowialii eHTepoOaKTepiil Ta BIKOM Malli€HTa MOXYTb
BiJOOpaXkaTH JMHAMIYHUI CTaH 1HAUBIyalbHOT nonyisuiil Escherichia coli ¢ xuiuednuky siroaunu. Onepikani
JIaHi CTOCOBHO CTPYKTYPH IUIa3MiJHOTO MpOo(iito, KOMIMHOTEHHOCTI i (parodyiMBOCTI CBiUaTh Mpo 3Ha4YHE
KUTBKICHE Ta SIKICHE PI3HOMAaHITTSl TCHETHYHHX CJIEMEHTIB E. coli Ta PO IHTEHCHBHY B3a€EMOJIIIO MiXK OaKTepis-
MH B KUIIeuHUKy. Ile pizHOMaHITTS BigoOpaskae (opMyBaHHS JMHAMIYHOI ITOIMYIIALIT KHIIKOBOI MAINIKH, SKE
3aJIOKHUTh BiJl BiKy mnaiieHTa. Bu3HaueHHs TpboX BuIle3a3HaueHUX (eHoTumniB y E. coli nokasye, mo 1 xKuT-
TEIsUTBHICTB TICHO 3KOOPAWHOBAHA 3 IHIIMMH WICHAMU MiKpOOHOT eHTepoOaKTepiabHOT aconialil KHIICYHUKY.
3a3HaueHo, 10 OHOYACHO 31 30UIBIICHHSM KIIBKOCTI BHIIB €HTepoOakTepili B KHIICUHUKY y E. coli 30inb-
LIYETHCS YACTOTA BUSIBICHHS TIJIa3MiJ1, PO3IIMPIOETHCS CIIEKTP aKTUBHOCTI KOJIIMHIB TA 3HIKYETHCS Uy TIIHBICTh
10 Oaxrepiodaris. [(nHamika 3MiH 010JOTIYHUX BIACTUBOCTEH CrioCTEpiraeThes i cepen i30m4tiB E. coli, onep-
JKaHHX BiJ MALi€HTIB Pi3HUX BIKOBUX Ipyl. HailGinbin 3HAYHMME 3 HUX € OUIBII BHCOKA YacTOTa BUSBICHHS
KOJILIMHOTEHHMX IITaMiB Y JIOPOCIINX TAI[IEHTIB Ta BUAUICHHS 130JTiB £. coli 3 OJHIEI0 BETHKOIO TJIa3MiI010 y
JiTeit 10 poKy 3 AMCOi030M KHIIICUHHKY.

KnwouoBi cioBa: kumkoBa Mikpoduopa, Escherichia coli, nna3miay, KOJIIUHOTCHHICTD, (arouyT-
JIMBICTb, acoLiallisi eHTepoOaKTepiil, BIK malieHra.
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