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CORRELATION OF BLOOD PROTEOME PARAMETERS TO THE NUMBER OF CERTAIN INTESTINAL
MICROFLORA BACTERIA IN HEALTHY WOMEN

Daria V. Komissarova™, Ludmila Kh. Pastushkova, Daria N. Kashirina, Vyacheslav K. llyin, Irina M. Larina

Institute of Biomedical Problems, Moscow, Russia

Introduction. Human intestinal microflora fulfils a wide range of important functions for the body. It provides non-specific anti-inflammatory defense through
the production of bacteriocins, organic acids and substances with bacteriostatic properties. It also stimulates eukaryotic cells to synthesize mucin and
substances with antimicrobial activity, thus suppressing the development of inflammatory reactions in intestinal epithelial cells. These bacteria obviously act
synergistically with immunocompetent intestinal cells undergoing changes in zero gravity conditions modeled using dry immersion. Regulatory and metabolic
changes which occur during model experiments are reflected, inter alia, in the protein composition of the blood.

Objective. Identification of the relationship between the blood protein level and the amount of E. coli, Lactobacillus spp., Enterococcus spp. and Bifidobac-
terium spp. in the intestine using an experimental model of 3-day dry immersion for potential use as clinical recommendations for the correction of intestinal
microflora, based on data from the proteomic profile of the blood.

Materials and methods. The study was conducted among six women aged 25-40 years. During 3-day dry immersion, the subjects were completely im-
mersed in an immersion bath containing water at room temperature. Direct contact between the subjects’ skin and the water was excluded. During the study,
fecal samples and capillary blood samples were taken from each of the participants. In order to assess the protein levels, chromatography-mass spectro-
metric analysis of samples of dried blood spots was performed using nano-HPLC Dionex Ultimate3000 combined with a timsTOF Pro mass spectrometer.
The study of the number of intestinal bacteria was carried out using culture seeding of pre-diluted fecal samples on selective media according to a standard
technique, followed by consideration of colonies.

Results. The regression model showed a relationship between the levels of individual proteins and representatives of the intestinal microflora. A statistically
significant correlation was found between blood proteins ENO1 (r = 0.71), MYH9 and SPTA1 (r = —-0.99) with the amount of E. coli; blood proteins EPB41,
VCP, C8B, CCT2 (r = 0.74), FAH, YWHAE (r = —0.46) with the amount of Bifidobacterium spp. There was also a significant strong positive correlation between
Lactobacillus spp. and proteins ENO1, CA2 (r =0.74) and S100A6 and HSPA4 (r =—0.87). The CALM2 protein (r = -0.76) correlated with the amount of Entero-
coccus spp.

Conclusions. Protein complexes were identified, the number of which correlated with the number of certain types of intestinal microflora: proteins associated
with the immune system; proteins which directly or indirectly affect digestion and mineral metabolism; and proteins which affect cell tolerance to hypoxia.
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KOPPENALINA NAPAMETPOB NMPOTEOMA KPOBW C KOJINHECTBOM HEKOTOPbIX BAKTEPUM
KULIEYHOUN MUKPO®J1I0OPbI Y 3J0POBbIX XXEHLLH

[.B. Komunccaposa™, J1.X. Mactywkosa, [.H. KawvpwuHa, B.K. NnbuH, V.M. NapuHa
VHCTUTYT Meamnko-buonornyeckmx npobnem PAH, Mocksa, Poccus

BBepeHue. Mukpodnopa KuleyHKa YenoBeka obnafaeT LefbiM CMEKTPOM BaKHbIX NS opraHnama (yHKLMIA: OCYLLEeCTBASET Hecneunduyeckyo
NPOTUBOBOCMANNTENBHYIO 3aLUMUTY NOCPEACTBOM NPOAYKUMN BaKTEPUOLMHOB, OPraHNYECKNX KUCOT 1 BELLECTB C OaKTepnocTaTMiecKnMy CBOMCTBaMU,
CTUMYNMPYET 9yKaprOTUHECKNE KNETKM K CUHTE3Y MYyLIMHA U BELLECTB C aHTUMUKPOBHOI aKTUBHOCTbLIO, NMOAABNSET PasBUTUE BOCTANNTENbHBIX PeaKLinii
B KJIETKax anntenuns kuwevHnka. O4eBmaHo, aTu 6akTepum AEeNCTBYIOT CUHEPTMYHO C UMMYHOKOMMETEHTHBIMU KIIeTKaMu KULWEeYHWKa, NpeTeprnesatoLLyMm
N3MEHEHNS B YCIIOBMAX HEBECOMOCTU, MOAENMPYEMbBIX C MOMOLLBIO «CyXOW» UMMepPCUn. PerynaTopHble 1 MeTabonmyeckne n3aMeHeHns, NponcxXoasaLme
BO BPEMSI MOLENbHbBIX SKCMEPUMEHTOB, OTPaXKAOTCS B TOM YMCe Ha 6ENKOBOM COCTaBe KPOBU.

Llenb. BbisiBneHne B3anMocBs3n Mexxay ypoBHeM 6e/KOB B KPOBM HefloBeka 1 konm4ecTBoM E. coli, Lactobacillus spp., Enterococcus spp. v Bifidobacterium
SPP. B KNLLEYHVIKE C MPUMEHEHNEM SKCNEPUMEHTANBHOM MOAENN 3-CyTOHHOW «CyXON» UIMMEPCUN A1 MOTEHLMANBHOrO NCNONb30BaHNS B KA4eCTBE KIMHN-
HECKMX PEKOMEHAALINIA MO KOPPEKLMN MUKPOMIOPLI KULLEYHIKE, OCHOBBIBAACH Ha AaHHbIX MPOTEOMHOr0 NPOMUS KPOBW.

MaTepuanbl u meToabl. VIccnenoBanve NPoBeAEHO C yHacTeM 6 XeHLmH Bo3pacTom 25-40 neT. Bo Bpems 3-CyTOYHOWM «Cyxoi» UMMEPCUN UCTbITYe-
Mbl€ HaxoaMIMCb B UMMEPCUOHHON BaHHE MOMHOCTLIO MOMPY>XEHHbIMY B BOAY KOMHATHOW TemnepaTypbl, UCKOHas MPsSiMO KOHTaKT KOXW UCMbITYEeMbIX
1 BoAbl. B xofe nccnenosaHus otonpanuch dexanbHble Npobbl 1 06pasLbl KanUINSPHON KPOBK Y Kaxaon U3 y4acTHUL,. [ns oueHKn konnyecTsa 6enkoB
NPOBOANIIM XPOMATO-MaCC-CMNEKTPOMETPUYECKINI aHanM3 06padLoB BbICYLIEHHbIX MSATEH KPOBWU C 1CMonb3oBaHneM HaHo-BOXKX Dionex Ultimate3000,
COBMELLEHHbIM C Macc-cnekTpomeTpom TimsTOF Pro. ViccnegoBaHne kKonmyecTBa KULLEYHbIX HakTeprin MpOBOAMAN C MOMOLLBIO KY/BTYPanbHOro nocesa
npenBapuTeNbHO pasBeeHHbIX 06pa3LoB heKanuin Ha CeneKkTUBHbIE CPEeAbl MO CTaHAAPTHON METOAMKE C NMOCNEAYIOLLIMM YHETOM KOMOHWIA.
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Pe3ynbTratbl. PerpeccrnoHHas Mogenb nokasana cBsdb Mexxay YPOBHAMMN OTAENbHbIX OENKOB 1 NpeacTaBUTENSMI KULLEYHOM MUKPOMNopb!. Bbina Beissne-
Ha CTaTUCTUYECKN 3HaYNMas KOpPensLMoHHasa B3anMocBsidb 6enkos kposn ENO1 (r = 0,71), MYH9 n SPTAT (r = -0,99) ¢ konn4ecTsoM E. coli; 6enkoB KpoBK
EPB41, VCP, C8B 1 CCT2 (r = 0,74) n 6enkoB FAH, YWHAE (r = -0,46) c konudecTtsom Bifidobacterium spp., a Takxxe OCTOBEpHas CuibHas NONOXUTENbHAsNA
KoppensaumMoHHas B3anMocBs3b Mexxay Lactobacillus spp. n 6enkamu ENO1, CA2 (r = 0,74), ST00A6 n HSPA4 (r = -0,87). C konn4ecTBoM Enterococcus spp.
koppenvposan 6enok CALM2 (r = -0,76).

BbiBOAbI. BbisiBNeHbl KOMMNIEKCh! HEMKOB, KOMMHYECTBO KOTOPbLIX KOPPENMPOBAIO C KOIMHECTBOM HEKOTOPbIX BUAOB MUKPOMIOPL! KULLEYHMKa: 6enku,
CBSA3aHHble C UMMYHHOW CUCTEMOW; 6K, NPSIMO NN KOCBEHHO BAVSAIOLLME Ha MPOLECChI MULLIEBAPEHVISA 1 MUHEPabHbIN 0OMeH; 6enku, BAnSoLLMe Ha TO-
NePaHTHOCTb KNETOK K MMMOKCUN.

Kniouesble cnosa: MI/IKpOCbJ'IOpa KULEYHVKa; Benkn KPOBWY; «CyXas» MMMepCcKa; XpoMaTo-MacC-CneKTpoMeTpna
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INTRODUCTION

Normal human intestinal microflora is represented by
a wide range of microorganisms, most of which are ob-
ligate or facultative anaerobes. Opportunistic infections
can occur directly due to obligate pathogens or indirectly
due to excessive growth of opportunistic microorganisms.
Depletion of the intestinal commensal population may also
play a determining role [1]. Factors of space flight, for exam-
ple, a changed diet, hygienic procedures, psycho-emotion-
al stress, constant microbial metabolism, which inevitably
occurs in a hermetically sealed space of a spacecraft, neg-
atively affect the composition of the intestinal microbiota.
This process is associated with active reproduction of the
conditionally pathogenic component of the microflora, de-
creasing the number of protective types of microorganisms
[2]. This requires the development of means to prevent and
reduce the risks of developing dysbiotic conditions, as well
as research into better understanding the interrelationships
of the intestinal microbiota and other physiological and bio-
chemical indicators of human health. This understanding
will subsequently enable the composition of the intestinal
microbiota to be influenced through targeted effects on
individual processes in the body, for example, on the me-
tabolism of single proteins.

The vast majority of bacteria live in the large intestine.
The proximal sections of the small intestine normally con-
tain up to 10* CFU/mL of microorganisms, associated with
the milieu pH (7.2-7.6) and the bactericidal effect of bile.
The commensal microflora, in addition to participating in
the digestive processes, fulfils a whole range of impor-
tant functions for the host body. It provides non-specific
anti-inflammatory defense through the production of bac-
teriocins, organic acids and substances with bacteriostatic
properties. It also stimulates eukaryotic cells to synthesize

mucin and substances with antimicrobial activity. In addi-
tion, the community of commensal microflora specifically
suppresses the development of inflammatory reactions in
intestinal epithelial cells. These representatives of the intes-
tinal microflora obviously act synergistically with the local
immune system [3, 4].

Consequently, the human intestine is not only an im-
portant part of the digestive system for digesting food,
absorbing water and nutrients, it also plays an essential
role in the organization of immune defense [5]. The epithe-
lial cells of the intestinal mucosa are involved in immune
regulation. In the intestinal mucosa’s own plate, there are
T and B cells which protect the body from pathogens.
In addition, the cells of the intestinal mucosa produce
various cytokines, such as gamma interferon (IFN-y), tu-
mor necrosis factor a (TNF-a), interleukin 2 (IL-2) and in-
terleukin 6 (IL-6), which are important regulators of both
physiological adaptive reactions and congenital immune
reactions [6]. In particular, they can participate in inflam-
matory reactions and mediate differentiation, prolifera-
tion and activation of various immune cells [7]. Moreover,
the intestinal microflora is necessary for the organiza-
tion and implementation of various immune reactions [8].
Thus, the microflora of intestinal commensals activates
both innate and adaptive immunity in the cells of the in-
testinal mucosa [9].

In this study, we have attempted to analyze the possible
relationship of the blood protein complex with the number
of intestinal bacteria in women participating in an experi-
ment with 3-day dry immersion [10].

Previous studies of the human intestinal microflora in a
dry immersion experiment established significant deterio-
ration in the state of the microflora, an increase in the pro-
portion of opportunistic microorganisms, and a decrease in
the amount of intestinal commensal bacteria [11].
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According to some researchers, the regulatory and
metabolic changes which occur during dry immersion ex-
periments are reflected in blood protein composition. Mass
spectrometry-based studies were performed by means
of proteomics methods. Changes were established in the
levels of plasminogen, fibronectin, other coagulation and
fibrinolysis factors, as well as an increase in the content
of fibrinolysis products, and activation of the complement
system [12]. Proteomic methods clearly allow identifica-
tion of proteins which respond to a complex set of dry im-
mersion factors and clarify the molecular mechanisms of
changes in various physiological systems.

The aim of the study was to identify the relationship be-
tween human blood proteins level and the amount of E. col,
Lactobacillus spp., Enterococcus spp. and Bifidobacterium
spp. in the intestine. The study was conducted by means
of experimental 3-day dry immersion. Its potential use is
in clinical recommendations for the correction of intestinal
microflora, based on data from the proteomic profile of the
blood.

MATERIALS AND METHODS
Experimental design

Six women aged from 25 to 40 years participated in the
3-day dry immersion experiment. During the experiment,
the subjects did not take antibacterial drugs or other drugs
which can affect fluctuations in microflora levels. At the be-
ginning of the experiment, all participants were assigned to
the same phase of the menstrual cycle (follicular phase) in
order to avoid differences in estradiol levels and its effects
on microflora and plasma proteins. During the period of dry
immersion, the subjects were not subjected to any addi-
tional influences, in the aim of preventing adaptive changes
in physiological systems [10].

The dry immersion experiment is a method of simulat-
ing such factors affecting the body in space flight as hypo-
gravity, support unloading, and redistribution of body fluids
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in the cranial direction. During dry immersion, the female
subjects were in the immersion bath completely immersed
in water at room temperature. Waterproof film prevented
the skin of the subjects from coming into contact with wa-
ter, permitting the time spent in the bath to be increased
(Fig. 1).

The study was conducted on the Dry Immersion bench
base of the Institute of Biomedical Problems. Throughout
the experiment, the participants remained in a horizontal
position without physical exertion and with limited voluntary
movements.

Collection of stool samples, cultivation and
identification of representatives of the intestinal
microflora

Stool samples were taken 1-2 days before the start of the
experiment and 1-3 days after the end of the dry immersion,
in order to assess the amount of E. coli, Bifidobacterium
spp., Lactobacillus spp., Enterococcus faecium. A number
of tenfold dilutions were prepared from fecal samples in
sterile saline solution from 10" to 10-°. Then 100 L of the
inoculate was sown in Petri dishes with selective nutrient
media: De Man-Rogosa—Sharpe agar (MRS for cultivation
of bacteria of the genus Lactobacillus spp.); Endo medium
(for the cultivation of E. coli); agar for enterococci; and bifi-
doagar (manufacturer of all media — Himedia, India). The
cultures were grown in a thermostat at 37°C for 48-72 h.
Depending on the culture under study, bifidobacteria and
lactobacilli were grown under anaerobic conditions. The
colonies thus grown were counted using the Stegler SCM-2
colony counter and visually identified [13].

Collecting samples of dry blood stains

Capillary blood samples with a volume of 20 pL for chroma-
tography-mass spectrometric analysis were taken using an
automatic scarifier by piercing the terminal phalanx of the
ring finger. This was followed by application to special filters

The photo is published with the written consent of the participants of the study

Fig. 1. Volunteer in an immersion bath
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(Perkin Elmer) for drying (the “dry spot” method). Blood
samples were collected from volunteers 2 days before the
start of the experiment and in dynamics for 1st, 2nd, 3rd
days during the dry immersion, as well as 2 days after com-
pletion. After collection, the capillary blood samples were
dried at room temperature for 2 h. Then the dried blood
stain samples were stored at minus 20°C.

The dried blood stains were prepared for chroma-
tography-mass spectrometric analysis, in order to de-
termine proteins in human blood as follows: the proteins
were extracted in a buffer containing 25 mmol ammoni-
um bicarbonate, 1% sodium deoxycholate and 5 mmol
TCEP (tris-(2-carboxyethyl) phosphine hydrochloride)
(Thermo Scientific) at a temperature of 60°C, at a shak-
ing rate of 1000 revolutions per minute (thermomixer,
Eppendorf) for 1 h. They were then reduced, alkylated,
precipitated and cleaved with trypsin, as described in
the procedure [14].

Chromatography-mass spectrometric analysis of
extracts of dry blood stains

Mixtures of tryptic peptides were separated using lig-
uid chromatography based on nano-HPLC Dionex
Ultimate3000 (Thermo Fisher Scientific, USA). They were
then analyzed on a timsTOF Pro mass spectrometer (Bruker
Daltonics, USA) using the method of parallel accumulation
with sequential fragmentation (PASEF) [15].

Statistical analysis

The statistical analysis of the data obtained was carried
out using a number of nonparametric techniques. Changes
in the intestinal microflora were assessed using the non-
parametric Kruskal-Wallis test for related samples. The eu-
biotic index was calculated by summation of positive and

MYH9

ENO1

This figure was prepared by the authors using own data

Fig. 2. Relationship between blood proteins and number of E. coli in the
intestinal microflora of the volunteers

negative quantitative changes in protective and condition-
ally pathogenic groups of microorganisms. The index re-
flects positive changes in the composition of the microflora.
Statistical processing of the eubiotic index was carried out
using a paired two-sample t-test for averages.

The change in the amount of blood proteins was as-
sessed using discriminant analysis for small samples. The
relationship between the level of human blood proteins and
the number of intestinal bacteria was suitably described
using a regression model. In this model the number of bac-
teria was the dependent variable, while the number of pro-
teins was the independent variable [16]. The results were
processed using the Statistica 12.0 software package.
P < 0.05 was taken as the critical significance level. The
STRING database was used to visualize protein relation-
ships.

RESULTS

Approximately 1256 proteins were identified in the samples
of dry blood spots of the female volunteers. Their relative
levels were determined using the label-free quantification
method. The regression model showed a relationship be-
tween the number of proteins in the blood described below
and the number of bacteria E. coli, Bifidobacterium spp.,
Lactobacillus spp., Enterococcus faecium.

As a result of the regression analysis, the relation-
ship of a number of proteins to the amount of E. coli
was established (Fig. 2). The amount of ENO1 protein
(alpha-enolase) in the blood positively correlated with the
amount of E. coli (r = 0.71), while for the proteins MYH9
(non-muscular myosin with heavy chain lla), ACLY (ATP
citrate lyase), DPP3 (dipeptidyl peptidase 3), SPTA1 (spec-
trin alpha chain) a strong negative correlation r = -0.99
(p < 0.05) was detected.

The proteins EPB41 (Erythrocyte Membrane Protein
Band 4.1), A1BG (Alpha-1-B Glycoprotein), VCP (Valosin
Containing Protein), C8B (complement component C8
beta chain), and CCT2 (T-complex protein 1 subunit
beta) were statistically significantly correlated with the
number of bifidobacteria (Bifidobacterium spp.) in the
intestine: r = 0.74 (p < 0.05). Furthermore, a weak neg-
ative correlation r = -0.46 (p < 0.05) was observed for
proteins FAH (enzyme Fumarylacetoacetate hydrolase)
and YWHAE (Tyrosine 3-Monooxygenase/Tryptophan
5-Monooxygenase Activation Protein Epsilon). The rel-
evant data is shown in Figure 3.

A1BG

8EPB41

Cc8B

This figure was prepared by the authors using own data

Fig. 3. Interconnection of proteins which correlate to the number of
Bifidobacterium spp. in the intestinal microflora of the volunteers
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During the study, the data analysis established a sig-
nificant strong positive correlation between the number of
lactobacilli and blood proteins ENO1, CA2 (r = 0.74), and a
negative correlation between the number of Lactobacillus
spp. and proteins S100A6 and HSPA4 (r = -0.87). A nega-
tive correlation was also found between the CALM 2 pro-
tein (calmodulin) and the number of enterococci in the in-
testinal flora (r = —=0.76) (p = 0.05). Table 1 summarized the
data regarding the established correlation of proteins with
some representatives of the intestinal microflora.

DISCUSSION

As a result of regression analysis, the relationship of a num-
ber of proteins with the amount of E. coli was established.
The amount of ENO1 protein (alpha-enolase, glycolytic
enzyme that catalyzes the conversion of 2-phosphoglyc-
erate to phosphoenolpyruvate) positively correlates to the
amount of E. coli. The main functions of this protein are par-
ticipation in glycolysis, cell growth processes, and allergic
reactions. In addition, this protein serves as a receptor on
the surface of leukocytes, thus stimulating the production
of immunoglobulins [17].

[t must be noted that E. coli plays an important role in
the human body. It is capable of producing a number of
vitamins (B,, B, By, K, etc.) and fatty acids. It participates in
the metabolism of cholesterol, bilirubin, choline, bile acids
and is involved in the absorption of iron and calcium [3, 5].

E. coli has been shown to produce a substance with
immunological similarity to somatostatin [16]. Somatostatin
is also produced by D-cells of the small intestine, while so-
matostatin-28 is involved in the inhibition of insulin, secretin,
glucagon, gastrin, and other hormones in the gastrointes-
tinal tract. The main function of somatostatin synthesized
in the intestine is to prevent the secretion of hydrochloric
acid, slow intestinal motility, and change the level of bile
acids [18].

The secretion of the large intestine contains a significant
number of rejected epithelial cells, lymphocytes and mu-
cus, although containing a small amount of enzymes. The
Lieberkiihn gland (crypt), along with intestinal villi, is one
of the two most important structural units of the intestinal
mucosa. For each villus in humans, there are from 4 to 7
Lieberkihn glands. The maximum number is located in the
duodenum. The Lieberkiihn glands of the large intestine are
lined with a single-layered cylindrical polar epithelium, the
height of which is higher at the mouth than at the base. The
epithelium of the Lieberkihn glands contains various endo-
crine cells: |-cells producing cholecystokinin (CCK), S-cells
secretin (SCT), K-cells glucose-dependent insulinotropic
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polypeptide (GIP), M—cells motilin (MLN), and G-cells gas-
trin (GAST) [19]. The above proteins are biochemically re-
lated to one another and to the ACLY protein (ATP-citrate
lyase), to the level of which E. coli correlates. In addition,
ACLY and a number of differentially expressed genes are
involved in ErbB (erythoblastic oncogene B) signaling and
cholicytokinin/gastrin signaling. ACLY is an important en-
zyme which binds carbohydrates to lipid metabolism by
producing acetyl-CoA from citrate for the biosynthesis of
fatty acids and cholesterol [20]. Changes in ACLY levels are
probably related to gastrin signaling.

Another protein which affects the amount of E. coli is
MYH9 (non-muscular myosin with heavy chain lla, a mem-
ber of the family of motor proteins). MYH9 is involved in
the processes of secretion, cytokinesis and ensures cell
mobility. The amount of E. coli negatively correlates with
the amount of this blood protein, which may also be related
to gastrin signaling.

After analyzing the data obtained, it can be concluded
that an increase in the level of ENO1 and a decrease in
MYH9 and ACLY contribute to an increase in the number
of E. coli. The ENO1, MYH9 and ACLY genes are co-ex-
pressed and involved in gastrin signaling. Gastrin, in turn,
is associated with cholecystokinin, secretin, glucose-de-
pendent insulinotropic polypeptide and matilin, produced
by the Lieberkihn glands of the colon. At the same time,
glucose-dependent insulinotropic polypeptin (incretin) in-
hibits the absorption of fats, probably causing an increase
in their amount in undigested food. As a result, this can
lead to an increase in the amount of E. coli, for which fatty
acids are one of the energy sources [21]. Incretin also in-
hibits lipoprotein lipase. According to Scholl RA et al., a
high amount of E. coli correlates with a decrease in this
enzyme [22].

Positively correlated to the amount of E. coli, the ENO1
protein stimulates the production of immunoglobulins,
possibly indicating an increase in immune activity locally
in the large intestine. One explanation for this relationship
is the assumption that the autologous commensal intesti-
nal microflora probably possesses tolerance to locally se-
creted immunoglobulins. A similar relationship was noted
for another obligate representative of the intestinal flora:
Lactobacillus spp. Summarizing the above, ENO1, MYH9
and ACLY are closely related to the processes of excretion
of biologically active substances by cells of the Lieberkiihn
glands of the colon, in particular incretin (GIP). This, in turn,
taking into account its functions, contributes to an increase
in the number of E. coll.

The protein DPP3 (Dipeptidyl peptidase 3) is a zinc-
dependent peptidase and an intracellular serine peptidase.

Table 1. Correlations of proteins with some representatives of the intestinal microflora revealed in the study, (p < 0.05)

A microorganism of the

intestinal microbiome this microorganism

Proteins negatively correlating with

Positively correlating proteins with this
microorganism, correlation coefficient

1 | E coli MYH9, ACLY, DPP3, SPTA1 0.99 ENO1 0,71
2 | Lactobacillus spp. S100A6, HSPA4 0.87 ENO1, CA2 0,97
3 Enterococcus spp. CALM2 0.76

4 Bifidobacterium spp. YWHAE, FAH 0.46 VCP, C8B, CCT2, EPB41, A1BG 0,74

This table was prepared by the authors based on their own data
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This protein has a site of unique catalytic sequence which
ensures the degradation of oligopeptides with residues
from 4 to 10 amino acids. In our study, this site had a fairly
strong negative correlation to the amount of E. coli. The
DPP3 protein is known to have a wide range of biological
functions. Thus, it participates in the intracellular cleavage
of proteins. In addition, in some studies [23] have shown
activity of DPP3 in cells of the innate immune system, for
example, in polymorphonuclear granulocytes and neutro-
phils. This activity partly confirms its active participation in
the regulation of the immune function of the body. It is inter-
esting to note that our study established a strong negative
correlation between the amount of this protein and both
the amount of E. coli and the number of hemolytic staphy-
lococci.

The study also found that the level of SPTAT1 protein had
a fairly strong negative correlation to the amount of E. col.
However, given the functions of this protein, the possible
causes of the interaction of the levels of this protein and the
number of E. coli representatives remain unclear.

Bifidobacteria are one of the most important compo-
nents of the intestinal microflora. They are involved in the
synthesis of lactate and acetate which regulate the pH of
intestinal contents. They also provide increased coloniza-
tion resistance of the intestinal microflora.

In our study, the strongest associations with the num-
ber of bifidobacteria in the intestine were found for the pro-
teins EPB41, A1BG, VCP, C8B, and CCT2. A weak correla-
tion was also established with the number of proteins FAH
and YWHAE.

The protein encoded by the EPB41 gene (Erythrocyte
Membrane Protein band 4.1) is a multifunctional protein
which mediates interactions between the cytoskeleton of
erythrocytes and the plasma membrane. The protein en-
coded by the EPB41 gene binds and stabilizes dopamine
receptors D2 and D3 on the plasma membrane of neu-
rons. It also participates in the regulation of calcium ion
transport and regulation of intestinal absorption [24]. In the
studies conducted, a positive correlation was established
between the amount of EPB41 protein and the number of
bifidobacteria. It was also noted that with a decrease in the
amount of EPB41 protein, there is a violation of calcium
absorption in the cells of the small intestine [23]. Thus, with
an increase in the amount of EPER41 protein, calcium ab-
sorption in the epithelium of the small intestine increases.
A similar process is controlled by bifidobacteria which also
cause increased absorption of calcium ions. The largest
amount of Bifidobacterium spp. is found in the large intes-
tine. Bifidobacteria and lactobacilli make up about 20-30%
of the microflora of the small intestine, localized mainly in
the jejunum [25].

One of the putative functions of the A1BG protein (Alpha-
1-B Glycoprotein) expressed in the liver is to participate in
cell recognition and regulation of cellular behavior [26]. For
this protein, a positive correlation was noted with the num-
ber of bifidobacteria. This correlation can be explained by
tolerance of the immune system towards intestinal com-
mensal population and an increased immune response
against the background of a stress factor (dry immersion).
It is important to note that the C8B protein (complement

component C8 beta chain, lectin activation pathway), which
also plays a key role in the implementation of the mecha-
nisms of innate and adaptive immune response, negatively
correlates with the number of bifidobacteria in the intestine.

CCT2 protein (T-complex protein 1 subunit beta, mo-
lecular chaperone) promotes protein folding during ATP
hydrolysis. As part of the TRIC (chaperonin) complex, it
plays a role in the folding of actin and tubulin. According
to literature sources, the spectrin cytoskeleton is a target
for intestinal bacterial pathogens (for example, pathogenic
strains of E. coli, S. Typhimurium, L. Monocytogene) due
to increased cell adhesion. It also plays a crucial role in the
progression of dysbiotic conditions [27]. A similar mecha-
nism may also enhance adhesion of Bifidobacterium spp.
on the intestinal epithelium and, thus, promote their growth.
In our study, a positive correlation was noted between the
amount of this protein and the number of bifidobacteria.

At the same time, YWHAE (Tyrosine 3-Monooxygenase/
Tryptophan 5-Monooxygenase Activation Protein Epsilon),
involved in the regulation of a wide range of both general
and specialized signaling pathways, is also involved in the
implementation of various biochemical processes related
to signal transmission, such as cell division and regulation
of insulin sensitivity. Its level is closely related to the amount
of HSF1 protein (Heat shock factor 1). Its production by the
cell, in turn, is induced not only by temperature stress, but
also by many other provoking factors, namely hypoxic con-
ditions, exposure to xenobiotics, proteotoxic stress [28].
The relationship between the levels of YWHAE blood pro-
tein and the amount of Bifidobacterium spp. in the intestinal
flora is negative. Thus, with increased exposure to stress
factors and an increase, respectively, in the YWHAE blood
protein, the growth of bifidobacteria is inhibited. This inhib-
ited growth confirms the relationship between stress levels
of various etiologies and intestinal flora.

The FAH protein (enzyme Fumarylacetoacetate hydro-
lase which degrades 4-fumarylacetoacetate to acetoac-
etate and fumarate, providing the final stage of tyrosine
amino acid catabolism), pursuant to its main function, is
involved in tyrosine metabolism and is the last of the five
enzymes which degrade this amino acid. The effect of this
hydrolase and the conversion of 4-fumarylacetoacetate into
fumarate and acetoacetate is to increase the blood level of
ketone bodies. It has been shown that an excess of ketone
bodies, for example, in keto diet, reduces the number of
bifidobacteria. Thus, according to Ang QY, there is a nega-
tive correlation between them [29]. Our experiment showed
a direct positive correlation between the amount of FAH
protein and the amount of Bifidobacterium spp., although
its severity was relatively weak.

At the same time, the VCP protein (valosin-containing
protein) ATPase of the transitional endoplasmic reticulum is
a component of the protein degradation process associat-
ed with the endoplasmic network. It is also responsible for
maintaining cell proteostasis, including intestinal endothe-
lium. Some studies have suggested that the VCP protein
may contribute to the course of infection caused by toxo-
plasma [30]. This protein positively correlates to the number
of bifidobacteria. In addition, it is co-expressed with CCT2
and YWHAE proteins.
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Lactobacilli play an important role in maintaining the col-
onization resistance of the gastrointestinal tract. Although
most bacteria in the gastrointestinal tract live in the large
intestine, lactobacilli and enterococci are the dominant flora
in the duodenum and jejunum. They are small in number
compared to the colon (about 10°-10* CFU/mL). However,
they play an important role in immunomodulation and ex-
hibit antagonistic activity against pathogenic microorgan-
isms [31].

Most Lactobacillus spp. strains inhabiting the human
intestine are homofermentative and form mainly lactic acid
as a result of fermentation. They use glycolysis to form lac-
tate from glucose. In relation to oxygen, most lactobacilli
are aerotolerant anaerobes, that is, they grow most actively
with oxygen deficiency.

In our study, the data analysis established a relationship
between the number of proteins ENO1, CA2, S100A6, and
HSPA4 and the number of lactobacilli. At the same time,
ENO1 and CA2 had a positive correlation, and S100A6
and HSPA4 had a negative correlation to the amount of
Lactobacillus spp.

Some studies have found that ENO1 is a protein which
provides cell tolerance to hypoxia, while catalyzing the
conversion of 2-phosphoglycerate to phosphoenolpyru-
vate during glycolysis. It is also present both in human
cells and tissues, and in some species of Lactobacillus
spp. The relationship between the amount of this protein
and the number of lactobacilli is most likely primarily due
to an increase in the tolerance of intestinal cells to hypox-
ia, which, in turn, contributes to an increase in the number
of lactobacilli.

The protein CA2, belonging to the family of carbonic
anhydrases, plays a crucial role in the functioning of hemo-
globin. This is due to the catalysis of the process of hydra-
tion of carbon dioxide with the formation of carbonic acid
and its subsequent dissociation in water. This leads to a
decrease in the pH of the blood, which, in turn, reduces the
affinity of hemoglobin to oxygen. Thus, an increase in the
amount of this protein is also associated with hypoxia and,
as a result, the creation of the most favorable conditions for
the reproduction of Lactobacillus spp.

AB S100A6 (S100) calcium-binding protein plays an im-
portant role in calcium binding. The level of this blood pro-
tein negatively correlates with the number of lactobacillus
(Lactobacillus spp.), which use calcium ions in the process
of citrate metabolism [32]. Consequently, with an increase
in the amount of S100A6 protein, the amount of calcium
necessary for the metabolism of lactobacilli decreases and
the level of Lactobacillus spp. decreases.

It has been established that HSPA4 protein (a member
of the Hsp110 family of heat shock proteins) possesses
the important functions of a molecular chaperone inside
the cell: response to an unfolded protein, protein import
into the outer membrane of mitochondria, and assembly
of protein complexes. Under the influence of many stress
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factors which cause the disruption of proteostasis pro-
cesses, a decrease in intestinal commensals also occurs
[33, 34]. Our studies established that the correlation of the
amount of this protein to the amount of Lactobacillus spp.
was negative: the greater the level of this blood protein,
the higher the stress level and the lower the number of
lactobacilli.

Enterococci are one of the important components of
the intestinal microflora. A number of drugs currently used
as probiotics contain Enterococcus faecium. The number
of enterococci in the intestine should normally be 10 CFU/
mL. Enterococci (along with lactobacill), in addition to the
large intestine, colonize the small intestine, albeit in a no-
ticeably lesser number. Enterococcus spp. is classified as
lactic acid microorganisms, since they perform fermenta-
tion-type metabolism and ferment carbohydrates to form
lactic acid, which, in turn, reduces the milieu pH. In addi-
tion, enterococci are well-known producers of antimicrobial
peptides (enterocins).

The analysis of the data obtained established a nega-
tive correlation between the protein CALM2 (calmodulin) in
the blood and the number of enterococci in the intestinal
flora. Calmodulin is expressed by epithelial cells in almost
all parts of the small intestine and probably regulates the
concentration of free calcium in microvilli cells. There is
evidence that an increased content of calcium and magne-
sium ions in the medium inhibits enterocin production and
enterococcal metabolism [35]. This is probably one of the
possible reasons for the negative correlation of the CALM2
blood protein and the amount of Enterococcus spp. in the
intestinal flora.

CONCLUSIONS

1. The studies identified protein complexes the level of
which in the host’s blood correlated to the number of pro-
tective microorganisms.

2. All proteins correlating with different protective mi-
croorganisms can be conditionally divided into four groups
depending on the functions and nature of the interaction of
these proteins with various microorganisms: proteins as-
sociated with the immune system; proteins which directly
or indirectly affect the processes of digestion and mineral
metabolism; proteins which affect the tolerance of cells to
hypoxia; proteins with a high regression coefficient in cor-
relation with some microorganisms, but no obvious func-
tional relationship.

3. The data obtained contributes not only to a funda-
mental understanding of the relationship between the vari-
ous processes in the human body, but can also serve as an
important starting point for the formation of clinical recom-
mendations for the correction of intestinal microflora based
on data from the proteomic profile of blood, or, conversely,
correction of blood protein parameters using probiotic and
autoprobiotic agents.
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