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A modern view of pro-/eukaryote interactions in the human body
as the basis for development of next-generation probiotics

Natalia A. Mikhailova, Dmitry A. Voevodin®, Sergey A. Lazarev
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Multicellular organisms and the saprophytic flora form complex, highly integrated chimeric systems (associative
symbioses, metaorganisms) characterized by interplay between pro- and eukaryotic components. To be able to
interact symbiotically microorganisms (MO) need a whole body.

When grown on artificial media for a long time, symbiotic MO have to adapt to the artificial environment and
gradually, though reversibly, lose their ability of associative interaction with the human body, thus causing a
decrease in the therapeutic efficacy of MO-derived probiotic products. To increase the therapeutic activity of
probiotic MO, they must be functionally rehabilitated.

A pathological process induces development of a secondary metabolic dysbiosis; as a result, changes in the
regulatory processes of an individual interfere with the restoration of the normal microflora. Therefore, functional
rehabilitation of probiotic MO must take place during cultivation, while the cultivation process must replicate the
whole-body conditions.
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MHOrokneTo4Hble OpraHn3Mbl B COBOKYMHOCTU C CanpodUTHON rioport hopMmpYIOT CrOXHbIE, ryboko MHTe-
rPMpOBaHHbIE XMMEPHbIE CUCTEMbI (accounaTvBHblE CUMOWO3bl, METaopraHM3Mbl) C BblpaXKEHHbIM B3aUMHbIM
BMMSHMEM MPO- U 3YKapUOTUYECKOro KOMNOHEHTOB. CnocobHoCcTb MykpoopraHuamoB (MO) k cumbrnoTuyeckomy
B3anMOAEeNCTBUIO POPMUPYETCH TOMBKO B YCIOBMAX LIENIOCTHOrO OpraHnsma.

Mpu ANMTENbHOM BbipalLMBaHMM Ha UCKYCCTBEHHBIX cpefax cumbuotuyeckne MO, aganTupysch K cyLlecTBoBa-
HMIO B UCKYCCTBEHHbIX YCIOBUSIX, MOCTENEHHO M 06paTMMO yTpaumBaloT COoCOBHOCTbL K accoumaTuBHOMY B3au-
MOOENCTBMIO C OPraHN3MOM YeroBeKa, YTO MPUBOAMUT K CHKEHUIO TepaneBTUYeckon ahpekTMBHOCTN Npodmo-
TUYECKNX NpenapartoB, MPUrOTOBIEHHbIX HA UX OCHOBE. [1Ns NOBbILLEHUS TepaneBTUYECKON aKTMBHOCTM Npobuo-
Tnyecknx MO Heobxognma ux dyHKUMOHanbHas peabunuraums.

Mpw pa3BuTMM NATONOrMYECKoro Npouecca CKnagbiBaroTCa NPeanochinkn MOpMMPOBaAHUSA BTOPUYHOTO OOMEH-
Horo Ancbuosa, BCneacTBUE 3TOMO U3MEHEHUS PEryNATOPHBLIX NMPOLECCOB CamMoro MHAVBMAA CTaHOBSITCH npe-
NSATCTBUEM A5 BOCCTaHOBMNEHUS HOpManbHOW MuKpodnopsl. [oatomy dyHKUMOHanbHas peabunvraums npo-
6uotuyeckmx MO gomkHa NpoBOAUTLCH Ha 3Tane KynbTUBMPOBAaHMWSA, @ MPOLECC KyNbTUBMPOBAHWSA OOMMKEH B
HeobxoQuMoN cTeneHn BOCNPON3BOAUTL YCINOBUS LLENOCTHOIO opraH13ma.

KnroueBble cnoBa: npobuomuku; peaynsimopHsie nenmuodsbi; 6enkoabil audponu3am; ucbuo3; KOPPEKYUs.

UcmoyHuk ¢huHaHcupoeaHus. ABTOpPbI 3asiBNSAOT 06 OTCYTCTBUU (PMHAHCUMPOBaHWS NPU NPOBEAEHUM UCCTe-
OOBaHus.



*KYPHAJ1 MUKPOBNONOTUW, SNMNAEMMNONOTUUA N UMMYHOBWUOJTOTUN. 2020; 97(4)

DOI: https://doi.org/10.36233/0372-9311-2020-97-4-7

OB30PbI

KoHgbnnukm unmepecoe. ABTOpbI AEKNAPUPYIOT OTCYTCTBUE SIBHBIX U MOTEHUMANbHbIX KOH(IMKTOB UHTEPEe-
COB, CBAI3aHHbIX C NybnmKaLuen HacTosLWwen cTaTbi.

Ans yumuposeaHusi: Muxannosa H.A., BoesoguH [1.A., Jlazapes C.A. CoBpeMeHHble NpeacTaBneHnsi o npo-/
3yKapmMOTMYECKMX B3aMMOAENCTBUAX OpraHn3ma YenoBeka — OCHOBA CO3[aHWS HOBOTO NMOKONEHMs NpobuoTu-
Yyeckux npenapaTtoB. )KypHan mukpobuosnoauu, anudemuosnoauu u ummyHobuonoauu. 2020; 97(4): 346—-354.
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Introduction

A human is a multicellular eukaryote, which
evolved in a world of bacteria existing long before its
emergence. Phylogenetically, the evolving immune
system came across bacterial signals for many millions
of years and learned how to respond to them; therefore,
studying of development and correction of the symbi-
otic microbiota structure has received increasing atten-
tion in the recent years.

Despite the multitude of scientific literature on de-
velopment and correction of the symbiotic microbiota
structure, studies in this area lack consistency. On the
one hand, this fact suggests that most of the research-
ers still rely on the primary data and their assessment
within the narrow bounds of traditional (infection-fo-
cused, antagonistic) concepts. On the other hand, the
diversity of "dysbiosis-associated" pathological condi-
tions speaks about the overall significance of symbiotic
microbiota in development of diseases in humans and
about the role of dysbiosis correction in comprehensive
therapy.

However, the mere recognition of the important
role, which dysbiosis plays in development of patholog-
ical conditions in humans, cannot solve the problems.
In our opinion, the current controversy stems from the
oversimplified (distorted) view of the relationship be-
tween the host body and its microbiota, when the inte-
grated, whole-body pro-/eukaryotic system is split into
two individualized, frequently antagonistic subjects.

Development of adequate understanding of pro-/
eukaryote interactions is an important practical task,
which will help identify the role of microbiota among
the causes and mechanisms of development of a patho-
logical condition and will help outline potential thera-
peutic approaches, including the required properties of
pharmaceutical products, their production methods and
uses.

Impact of host regulatory processes on the structural
and functional condition of the symbiotic microflora

The first step towards the holistic view of the pro-/
eukaryote interactions in the human body was made
by academician O.V. Bukharin et al. [1] who offered
the concept of "associative symbiosis" (AS). "AS is a
multi-component integrated system including the host
acting as a macro-partner, the stable dominant mi-
cro-symbiont and associated micro-symbionts charac-
terized by multidirectional impacts affecting the de-
velopment, existence stability and productivity of the
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symbiosis" [1]. The AS concept postulates a strong
relationship between micro- and macro- symbionts,
though giving very few details, thus making its full-
scale application difficult.

The AS concept was further extended and spe-
cified, taking into account all dynamic transformations
typical of prokaryotic and eukaryotic elements of the
system. As a result, the concept of pro-/eukaryotic chi-
merism of the human body was offered. "The mutual
functional penetration of cytokine and QS mediator
systems makes it possible to see the microbiocenosis
as an extracorporeal, cytokine-like, non-genetically in-
heritable regulatory system of the host body, while the
human whole body is perceived as a pro-/eukaryotic
chimera, thus bridging the gap between bacterial, cyto-
kine and cell therapies" [2].

The above concept is based on the clinical data
on probiotics and cytokines, which supported similar
synergistic results obtained from the therapeutic use of
probiotic and cytokine products [3]. Later, the concept
received confirming evidence. In their works, profes-
sor A.V. Zurochka et al. [4-7] demonstrated the ability
of microorganisms (MO) to produce a wide range of
cytokine-like mediators, matching the amounts of cy-
tokines produced by human blood cells. The synthetic
analogue of the granulocyte-macrophage colony-stim-
ulating factor was added to the culture medium to stim-
ulate production of cytokine-like MO agents [7]. The
researchers use the term "cytokine-like" agents, as their
structural identity with cytokines has not been verified,
though identification can be done with standard test
systems used for detection of cytokines.

The above results not only broaden our knowledge
of the pro-/eukaryote relationship in the whole body
and explain the diversity of therapeutic effects inherent
in probiotics, but also, as we believe, are of profound
practical importance for development of probiotic
products: The functional activity of probiotic properties
that must and can be modulated (see below).

From a holistic perspective, the human body
can be seen as a functional chimera or, following the
Western terminology, as a metaorganism comprised of
two equal subsystems organized under the similar prin-
ciple (auto-/paracrine network regulation at the level of
intercellular and inter-bacterial interactions), having the
similar language of communication, and characterized
by inevitable cross-interaction resulting from the struc-
tural and functional (phylogenetic) relatedness. Chang-
es in one subsystem generate changes in the other, thus
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suggesting the presence of the single, two-directional
microbiocenosis—cytokines—hormones (MCH) regula-
tory system.

For example, microbiota imbalance is seen as the
cause or the predisposing factor of type 1 diabetes and
metabolic syndrome (obesity, atherosclerosis, hyper-
tension, type 2 diabetes) [8], while the improperly mon-
itored hormone therapy is seen as a pathogenetic factor
of secondary hormone-related dysbiosis [9].

The involvement of the MCH regulatory system
is well observed in clinical practice, during critical pe-
riods in the development of an organism, during preg-
nancy-related hormonal changes: stress-induced dys-
biosis and post-stress syndrome; dysbiosis in pregnant
women developing complicated pregnancies; dysbiosis
in elderly people developing age-related pathology;
negative or positive puberty changes during adoles-
cence. The process is launched by natural changes in
the hormone profile of the macro-partner; however,
clinical changes are caused by changes in the system
of micro-symbionts. "Changes in the normal microflo-
ra composition, immune system disorders and disease
symptoms should be investigated in combination,...
as it is the macroorganism’s immune responsiveness
rather than the pathogen’s virulence that plays the lead-
ing role" [10].

However, the above conditions do not develop in
all people, while the negative or positive scenario is
predetermined long before the clinical manifestation
and is associated with development of microbioceno-
sis during the perinatal period (perinatal programming)
when affected by the maternal microflora [11]. In our
opinion, the active growth of the potentially pathogenic
flora, which is associated with the manifestation of the
disease and affects its development, results from neu-
ro-cytokine-hormonal changes that are caused by stress
(including infection) or by natural changes in the hor-
monal status (pregnancy, aging, puberty); the potential-
ly pathogenic flora is activated as a depressive (tempo-
rally hidden) microbiocenosis component of a perinatal
origin. This explains the non-genetic heritability (i.e.
contact transmission from the mother) of the predispo-
sition to a pathologic process and adulthood pathology
"programmable" in infancy.

The close relationship between microbiota and
metabolic processes of the host opens the way for new
and unique approaches to treatment and prevention
of inflammatory infections. For example, testosterone
used in prostatitis treatment helps restore the urogenital
microflora and suppress inflammation without antibiotics
[12], or the Selank synthetic analogue of tuftsin, a natural
immunomodulator and adaptogen, used in prevention of
post-stress, including dysbiotic [13], disorders.

Models of metabolic (hormone-related) dysbiosis
clearly demonstrate the crucial role of host regulatory
processes in development and maintenance of dysbi-
otic deviations; these processes create a vicious loop:
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metabolic and regulatory deviations — dysbiosis —
aggravation of the metabolic and regulatory disorders
and development of dysbiosis-associated pathologic
conditions.

Thus, by creating the vicious loop, the host body
and its regulatory processes become an obstacle for res-
toration of the normal microflora. In this context, any
probiotic products with low metabolic activity (lyo-
philized bacterial products) will be inefficient. It sug-
gests that probiotics based on archival (pharmaceutical)
strains can be used successfully if preceded by a func-
tional rehabilitation to increase their metabolic activity
and improve their adaptation to the host environment
(see below).

"Changes in the composition of mucosal microflo-
ra take place long before the clinical symptoms; there-
fore, they can be seen as antecedents of pathological
processes caused by a potentially pathogenic microflo-
ra" [10]. What causes the pause between the develop-
ment of intestinal dysbiosis and the manifestation of its
clinical symptoms?

The processes of pro-/eukaryotic chimerism can
be clearly demonstrated by the model of endogenous
microbiocenosis, which captures, to the maximum ex-
tent, the relatedness between pro- and eukaryotic ele-
ments of the integrated system of the whole body as
well as the interplay between the symbiotic microflora
and the host body.

The discussion of human dysbiosis is generally
narrowed down to assessment of qualitative and quan-
titative composition of the microflora in natural cavities
of the body. Many authors keep supporting the thesis of
sterility of a human body’s interior. In the meantime, in
plants, the saprophytic microflora is divided into exo-
phytic and endophytic (exogenous and endogenous)
domains. Is it different in humans? What causes forma-
tion of biofilms on endoprostheses, MO occurrence in
atherogenic plaques, intracellular persistence of infec-
tious agents, etc.? The list of MO capable of intracellu-
lar persistence is extending from year to year. The role
of the endogenous flora comes to the fore when there is
an apparent infectious or infection-induced inflamma-
tory process. Does it mean that the endogenous flora
does not exist, if the body develops immunological tol-
erance or immunological hyperactivity, thus displaying
poor or zero inflammatory response? It is most unlikely.

Major success in studying of the endogenous mi-
croflora and related phenomena has been achieved in
horticulture. Plants’ capacity for vegetative reproduc-
tion creates temptation to replicate the most econom-
ically viable and productive species; propagation can
occur not only through separate organs, but also through
small tissue fragments (explants). However, the nega-
tive role of the endogenous (endophytic) microflora can
be a serious obstacle for wide-scale cloning.

The relatively high tolerance of plant cells to
culture conditions, their high regenerative capacity,
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and multiple passaging of explants made it possible to
create an informative model for identification and ex-
ploration of the endogenous microbiota, its functional
characteristics, and its role in forming a phenotype of
the host. No similar models based on animal and hu-
man cells have been created so far. However, scientif-
ic publications point out the relative legitimacy of the
traditional division into human, animal and plant mi-
croflora [14, 15], as the same pathogenic bacteria can
persist both in a human body and in plants [14], while
the same probiotic MO can protect human, animal and
plant organisms against pathogenic impacts (numerous
products based on Bacillus subtilis). From the perspec-
tive of general biology, the division of models into plant
and animal models is also highly relative; therefore,
the phyto-model of the endogenous microbiocenosis
attracts attention of phyto-biologists as well as repre-
sentatives of other biological and medical professions.

Endogenous MO exist in the uncultivated form
in the internal environment of the host, thus making
it difficult to use classical microbiology methods for
their detection and exploration. For a long time, it has
been believed that non-culturable bacteria owe their
existence to factors associated with traumatic impact.
The recent data demonstrate the one-sidedness of this
opinion. Being elements of the integrated pro-/eukary-
otic system, MO naturally obey the laws of the system,
and these laws do not allow any autonomous, uncon-
trollable growth. While their capability of proliferation
(autonomous growth) is lost reversibly, endogenous
MO acquire the ability to function efficiently within
the heterogeneous pro-/eukaryotic system, influencing
metabolic processes in the host, participating in creat-
ing his phenotypic characteristics, governing MO’s re-
sistance to infectious diseases [16]. In the latter case,
the protective effect is implemented not only through
direct antagonism, but also through activation of pro-
tective mechanisms of the host [17]. In this context, the
probiotic function of MO should be seen as a function-
al, non-constitutive condition that develops only in the
whole body and is induced by regulatory signals of the
host. Outside the regulatory impact of the host (the ar-
chival content outside the system), the probiotic func-
tion, apparently, declines as useless. This circumstance
should be taken into consideration when developing
probiotic products.

Assume that the intra-medium and intracellular
persistence of MO, while being a common biological
condition for multicellular eukaryotes, is a normal, nat-
ural constituent of pro-/eukaryotic systems (metaorgan-
isms). It is of great practical importance in medicine
not only for creating phenotypical characteristics of the
host (physical well-being/ill-being), but also for timing
corrective measures and, though it may sound unthink-
able, for establishing a methodological and, in a long
run, a procedural framework for development of probi-
otics. In this context, the endogenous microbiocenosis

is a model for identification of mechanisms responsible
for regulation of functional activity of MO. The identi-
fied mechanisms will be further used for modulation of
functional activity of probiotic bacteria and for creating
of nature-like techniques for development of probiotic
pharmaceutical products.

This poses the question: Is it important which MO
are represented in the endogenous pool? It is well-known
that final effects of the endogenous microflora depend on
the specific affiliation of MO — for example, high or
low viability of plant explants depend on the specific
composition of the endogenous microflora [15].

In the event of any changes in regulatory pro-
cesses of the host and in the event of dominance of the
potentially pathogenic flora in microbiocenosis, both a
human [10] and a plant [15] go through functional ac-
tivation of the pathogenic nature of potentially patho-
genic MO, while the bacteria restore their capability of
cultivation (autonomous existence) [18].

In humans, MO existing in natural cavities are a
natural source of the endogenous pool. For example,
it is believed that endogenous bacterial infections are
caused by hematogenous transmission of mucosal mi-
croflora to internal organs [19].

The aforesaid means that it is important, firstly, to
divide the dysbiosis into exogenous and endogenous
constituents and, secondly, to perform dysbiosis-cor-
recting therapy, with consideration both of the cavity
microflora and the endogenous constituent. Note that
intestinal (exogenous) microflora is more easily acces-
sible for corrective measures as compared to the endog-
enous microflora, thus explaining the delay in effects of
dysbiosis-correcting therapy [9] and can be correlated
with delays in clinical symptoms of intestinal dysbiosis.

The endogenous constituent is of great signifi-
cance for setting timeframes for selected measures. The
proper timing is important for "physiological" sanita-
tion, i.e. natural changeover of the cell population — a
reservoir of intracellular microbiological agents. More
efficient methods of intracellular sanitation have not
been offered so far.

Different fields of medicine demonstrate inter-
esting correlations: Probiotic therapy performed over
6 months causes reversibility of late complications in
children with type 1 diabetes (T1D) [9]; 6 months after
the renal transplantation, the risk of transplant rejection
decreases dramatically [20]; the age of 6 months is a
critical age for children with major birth defects; if a
child overcomes the threshold, his chances of survival
improve significantly [21]. In the above examples, the
effect is caused by the cell population changeover due
to the "physiological" sanitation, which can be observed
in T1D cases, or due to development of transplantation
chimerism, i.e. gradual replacement of donor cells in
the transplant by recipient cells, together with decreas-
ing immunogenicity and chances for transplant rejec-
tion. The repeatable accuracy of timing is indicative of
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its functional significance and the relationship between
the clinical efficacy of probiotic therapy and physio-
logical processes of the host. In our opinion, probiot-
ic therapy should be performed at least for 6 months,
though in each case its duration depends on individual
and nosological characteristics of the patient, and on
properties of the administered probiotic products.

There is nothing unusual in required long-term
probiotic therapy, a variety of antibacterial therapy.
Long-term courses of antibiotics demonstrated their
effectiveness in treatment of severe infectious diseas-
es and inflammatory infections: tuberculosis, leprosy,
rheumatism, etc. Extended antibiotic therapy and ex-
tended probiotic therapy have the same underlying
principles, though probiotics have a number of advan-
tages: Long-term treatment without complications, fill-
ing ecological niches, including prevention of endoge-
nous reinfection, and systemic therapeutic effect.

Absence (non-maturity) of holistic ideology and
methodology addressing normocenosis/dysbiosis and
pro-/eukaryote interactions is the root source of prob-
lems. It impedes development of efficient treatment
medications and clinical application of this approach.
Probiotics should be seen as a tool that needs not only
smart "tuning", but also smart usage.

Dysbiosis means disorders in the microbiolog-
ical landscape of natural cavities in the human body
and skin. In other words, the underlying microbiolog-
ical approach completely neglects the role of the host.
From the clinical perspective and in accordance with
the primary principle of the healthcare system (the no-
sological principle), the common medical problem (mi-
crobiocenosis/dysbiosis) was divided into "spheres of
influence" among gastroenterologists, dentists, derma-
tologists and other medical professionals. Single-disci-
pline specialists try to solve the general pathologic and
even general biological problem (common for all mul-
ticellular eukaryotes) by applying highly specialized
approaches and limiting the understanding of clinical
manifestations of dysbiosis by the boundaries of their
professional interests. As for such specialists as hema-
tologists, endocrinologists, etc., who "are left without
natural cavities", they are not involved in solving the
clinical problem of dysbiosis, unless they take initiative
on their own.

At present, the dysbiosis condition was split unin-
tentionally into microbiological and clinical conditions.
Microbiologists deal with diagnosis and recommenda-
tions for correction of dysbiosis as a microbiological
condition, while specialist physicians handle its clinical
forms. It means that the former do not see the results of
the microbiocenosis impact on the host, are not aware
of specifics of the particular disease, and neglect the
role of the host in dysbiosis development, while the
latter, due to their filed-related specialized training, are
not able to assess the systemic nature of cause-and-ef-
fect processes, which led to development of the specific
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clinical condition. As a result, both groups of specialists
tend to underestimate the importance of the problem.
Only specialists who can overcome this gap are able to
solve the dysbiosis problem successfully.

In the clinical context, the AS condition is change-
able and is composed of current microbiological char-
acteristics, a positive and negative impact of microbio-
cenosis on the host, and the host’s existing ability to
respond negative and positive impacts of micro-symbi-
onts. Rehabilitation measures cannot be efficient with-
out restored metabolic processes and without restored
energy supply. Means of normalization of metabolic
and regulatory processes in the host are an integral
component of treatment of dysbiosis as a clinical con-
dition. Therefore, in clinical practice, the human body
should be seen as an integral pro-/eukaryotic system,
and not only microbiocenosis, but also the entire AS
system should be corrected to achieve successful re-
sults. Such comprehensive approach is used in real-life
practice; however, the adequate methodology could
contribute to more knowledgeable and efficient appli-
cation of available tools and to their diversity.

Generally speaking, the clinical (not to be confused
with microbiological) condition of dysbiosis is, first of
all, a disruption of metabolic and regulatory processes
of the host (the dysfunction of the cytokine-like regu-
latory system), initiation of tissue hypoxia. The process
acquires a nosological form when affected by addi-
tional factors: The initial microbiological spectrum in
combination with the external microbiological impact
("microsymbiocenosis" according to O.V. Bukharin
[22]), individual immunoreactivity (tolerance), genetic
characteristics, daily habits, etc. Specific clinical man-
ifestations represent an immediate AS condition (the
condition of pro-/eukaryotic chimerism) of a particu-
lar individual, i.e. clinical manifestations of dysbiosis
are caused by multiple variables, the microbiological
variable being one of them. It results in complexity of
the diagnosis (prognosis) of clinical manifestations by
using only microbiological data; the process cannot be
modelled or rather, the currently existing conceptual
microbiological tools cannot be used for modelling and
correction of processes causing AS.

The concept of the MCH regulatory system im-
plies that the current condition of the individual must
be perceived as an integral reflection of the functional
condition of the AS system, thus offering a two-direc-
tional, synergistic approach (i.e. simultaneous impact
on prokaryotic and eukaryotic elements) to correction
of the system condition.

The above theses make sense only when a phy-
sician has efficient tools for correction of microbio-
cenosis.

The postulated equality of the subsystems in AS
enhances the biological significance of the microflora
in life processes of the host, implies the leading role
of dysbiosis in development of acquired and congeni-



*KYPHAJ1 MUKPOBNONOTUW, SNMNAEMMNONOTUUA N UMMYHOBWUOJTOTUN. 2020; 97(4)

DOI: https://doi.org/10.36233/0372-9311-2020-97-4-7

OB30PbI

tal pathology, expands the range of therapeutic approa-
ches, emphasizes the significance of development of ef-
ficient probiotic products and forms the methodological
basis for solution of the problem associated with their
development.

Use of nature-like technologies in development
of therapeutic probiotics

The model of endogenous microbiocenosis sug-
gests the possible existence of two forms of symbiont
microorganisms: the form of free-living (independent
of the host) bacteria and bacterial associations, and
the form of close relationship with the host body. Both
modes of existence are established under the influence
of current external conditions; they are interchangeable
and accompanied by functional, physiological, gene-
tic, and sometimes morphological changes in MO [23].
MO existing in the human intestine are important for
cambial cell population in replenishment of endoge-
nous microbiota and, apparently, remain transient, as
they are still connected with regulatory processes of the
host, while being able to grow freely.

Initially, many probiotic MO were isolated from
the human intestine; however, long-term cultivation of
MO in laboratory conditions triggers bacteria’s transi-
tion to the condition typical of free-living forms, thus
contributing to lower probiotic activity. In development
of probiotic products, it should be remembered that
free-living forms are not capable of functional rever-
sion in the patient’s body due to intrinsic blocking im-
pacts. This explains insufficient clinical efficacy of the
existing probiotics; therefore, the functional rehabilita-
tion (reversion) should be performed during cultivation
of commercial strains.

The similar relationship between functional man-
ifestations of symbiotic MO and living environment,
through the example of potentially pathogenic micro-
flora, is mentioned by other researchers: "Expression
of genes governing virulence is not constitutive...
Virulence genes are "turned off" during transition of
the microorganism to the external environment and are
"turned on" in the host body" [10].

The integrated pro-/eukaryotic system can be
formed only if there is a common language of commu-
nication or, in other words, the language of interaction,
which is understood by both parties. The system of reg-
ulatory peptides can act as this language. The ability to
influence the growth and functional properties of MO
is demonstrated by the tumor necrosis factor, inter-
leikins-2 and 6, fetal serum, antibacterial peptides [24,
25]. In the latter case, it is emphasized that the anti-
bacterial effect will occur only in high concentrations
of the agent, while in physiological concentrations the
effect of "antibacterial" peptides is limited to regulatory
impacts [26].

The peptidic regulation is one of the mechanisms,
through which the host body influences the microbiota

function. Understanding and using of this mechanism
by varying regulatory peptides will make it possible to
create probiotic products characterized by the required
functional activity. This assumption may have metho-
dical nuances, which should be taken into account
during development and production of probiotic pro-
ducts.

The phylogenetic relatedness in organization
of pro- and eukaryotic systems is manifested in dif-
ferent models. It is assumed that prokaryotes use the
same strategy as eukaryotes for genome amplification,
differentiation and growth of cells [23]. It has been
demonstrated that MO are able to produce regulatory
agents similar to those produced by eukaryotes [2, 27].
The similarity of processes taking place in pro- and
eukaryotic elements of the system suggests, by analogy
with eukaryotes, the relationship between the function-
al activity of bacteria and the age of the culture: The ag-
gregate probiotic (therapeutic) effect of the MO culture
(the probiotic product), the range of agents produced
by MO and, consequently, the type of the therapeutic
impact will depend on the functional "maturity" of the
MO culture. In eukaryotes, such relationship between
the regulatory spectrum and the "maturity" of the pro-
cess has been demonstrated multiple times and on dif-
ferent models [28], thus implying that it is typical of
both pre-cellular and cellular communities.

In natural environments, regulatory agents of pep-
tidic nature are produced during hydrolysis of large
precursor-molecules, i.e. they are natural hydrolysates.
This consistent pattern gives hope that the controlled
hydrolysis, together with selected proteolytic agents,
source substrate, required conditions, monitored and
standardized regulatory activity of the produced agents,
will help obtain the material with required character-
istics for further use as the basis of culture media for
growing probiotic cultures.

Some researchers can object: Protein hydroly-
sates have been used in microbiology actively and for
a long time. Yes, it is true. However, being constrained
by the boundaries of traditional beliefs, microbiologists
used to neglect a potential regulatory role of peptide
molecules of hydrolysates, which were seen as a mere
source of nitrogenous nutrition, and the results were
assessed from the perspective of nutritiology. Further-
more, high-temperature sterilization is traditionally
used during preparation of culture media, which may
cause inactivation of regulatory peptides. This fact re-
quires further exploration. The ability of MO to per-
form their functions in processes occurring in the host
body also needs further study.

Conclusion
The concept of AS (metaorganism) brings changes
into the methodology of development of probiotic prod-
ucts: To initiate the probiotic function, the conditions of
cultivation of probiotic MO must match the conditions
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of the integral pro-/eukaryotic system. The therapeutic
efficacy should be evaluated not only by antagonistic
activity in vitro and by the ability to exert influence
on the microbiological landscape in vivo, but also by
the aggregate clinical effectiveness, with consideration
of the severity of the primary condition. Clinical and
experimental modelling is labor and time-consuming;
therefore, it is inefficient for prompt problem-solving.
The exceptionally important task is to identify the cri-
terion that can be measured in vitro, but can be used for
prognosis of therapeutic efficacy of a probiotic product
for the whole body. This criterion can be found in the
ability of MO to synthetize core mediators (cytokines
and lectins), which play an important role in function-
ing of prokaryotic and eukaryotic systems [5, 27]. Be-
sides, attention should be paid to the relationship be-
tween the level of production demonstrated by these
mediators and the living environment, considering a
sharp decrease shown by archival strains [5, 29].

The summary of the obtained data leads to the
conclusion that the probiotic function of MO is not con-
stitutive, that it is performed only in the whole-body
environment, and is controlled by host regulatory pro-
cesses. These key factors should be taken in consider-
ation during development of probiotic products.
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