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RESEARCH OF THE SPECIES COMPOSITION
OF THE INTESTINAL MICROBIOM WITH THE USE
OF TARGET SEQUENCY GENERATION 16S pRNA

Abstract. The intestinal microbiome is an extracorporeal organ and is characterized by a complex hierarchical
structure that performs a variety of functions, depending on its quantitative and species composition. Violation of its
balance can lead to various pathological conditions (atherosclerosis, discases of the cardiovascular system,
inflammatory bowel discase, type 2 diabetes mellitus, etc.).

In order to study the species ratio of bacteria in the intestine, the characteristics of bacterial species and
enterotypes, a molecular genetic study of the 16S rRNA gene of microorganisms was carried out using the next
generation technology (NGS).

Using the semiconductor sequencing method, the first results of the analysis of the species composition of the
intestinal microbiome of 33 patients were obtained. Five main phyla were identified: Actinobacteria (4.9%), Bacte-
roidetes (37%), Firmicutes (42%), Proteobacteria (16%) and Vericomicrobia (0.02%). Found 298 basic taxonomic
units.

The analysis showed that bacteria are present in small numbers in the bacterial population, which are indicators
of a healthier metabolic status of the intestine.

When phylogenetic analysis of the bacterial population was carried out, 2 enterotypes were identified: in 58%
of patients, 1 enterotype of Bacteroides, in 42% of patients 2 enterotype of Prevotella.

Metagenomic analysis of the species ratio of bacteria showed that a decrease in the species diversity of bacteria
was observed in the intestine. There is a decrease in bacteria responsible for immunity, a high proportion of bacteria
predisposing to the development of type 2 diabetes mellitus, metabolic syndrome and inflammatory bowel diseases.

Keywords: intestinal microbiome, 16S rRNA gene, gut microbiota.

The development of next-generation sequencing technologies has significantly improved our
understanding of the species ratio of the bacterial population in the human intestine.

Actively carried out work on the identification, description and quantification of bacterial popu-
lations of the gastrointestinal tract, the relationship between the species ratio of bacteria and the preva-
lence of diseases. The knowledge gained will allow the development of new diagnostic and prognostic
therapeutic strategies.

Intestinal microbiome is a unique organ, the formation of which begins from the 24th week of
pregnancy from the mother with single colonies of Escherichia coli and lactobacilli [1]. For a long time, it
believed that colonization of the gastrointestinal tract by microorganisms occurs after birth. However,
recent studies have shown that bacteria are present in the placenta, amniotic fluid, umbilical cord blood,
meconium [1, 2, 3]. The composition of the intestinal microbiome depends on the environment and
delivery methods and on breastfeeding [4-6].

It is believed that the final formation of the enterotype of the microbiome begins at 18 months
[4,5,7].
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By about 2-3 years, the microflora undergoes the latest changes, an “adult” microbiota is formed, 60-
70% of which will slightly change throughout life [3,7.8].

Improper nutrition of the mother during pregnancy or in a child in early childhood can lead to
depletion and a defect in the gut microbiota.

A microbiome of the human intestine consists of approximately 1.5 kg of cells, most of which are
bacterial, and a minority belongs to archaea and eukaryotes. In western populations, phyla Bacteroidetes
and Firmicutes, as a rule, dominate the intestines, while other phyla make up 10% or less [14].

The microbiome of the human intestine consists of approximately 1.5 kg of cells, most of which are
bacterial, and the minority belongs to archaca and eukaryotes, contains up to 1000 species of bacteria
encoding about 5 million genes. In the normal microbiota, both commensals and opportunistic
microorganisms are found.

Microbiota is necessary for the proper growth of the body, the development of immunity and
nutrition. Microorganism communities are in close interaction with our body, performing many functions
necessary for the physiology and survival of the body [5,9,10,11]. Disorders of microbiome homeostasis
play an important role in the development of inflammatory bowel diseases, atherosclerosis, obesity,
metabolic syndrome (MS), type 2 diabetes mellitus (DM) [2,6,7.9].

The aim of our study: to study the species composition of the intestinal microbiome using targeted
semiconductor sequencing of the 16s pPHK gene.

Materials and methods. OBJECT OF STUDY. The study involved 33 patients sent by a
gastroenterologist to study the species composition of the microbiome by the method of targeted
semiconductor sequencing of the 16SrRNA gene of microorganisms using the next generation technology
(NGS).

Total DNA was extracted from 250.0 mg of a homogenized wet fecal sample using the PureLinkTM
Microbiome DNA Purification Kit (TermoFisher Scientific, USA) DNA isolation kit according to the
manufacturer's instructions. Sequencing of the 16S rRNA gene was carried out on a new-generation
semiconductor sequencer lon Gene Studio S5 Plus (TermoFisher Scientific, USA) in the laboratory of
personalized genomic diagnosis of the “Medical Centre Hospital of the President’s Affairs Administration
of the Republic of Kazakhstan™.

DNA libraries (the set of nucleotide sequences of the genomic DNA of the studied samples) were
prepared in accordance with the Ion 16STM Metagenomics Kit protocol (Termofisher Scientific, USA).

The preparation of the library took place in several stages:

1. Obtaining a PCR product by amplification of the hypervariable region 16S, followed by
purification and measuring the concentration of the PCR product.

2. Directly preparing the library by ligation with barcoding, cleaning the ligated adapter library.

3. The concentration of the obtained library was measured on a QS 12K Flex analyzer.

The concentration of DNA libraries was determined on a QuantStudioTM 12K Flex system using the
Ion Library TagMan® Quantitation Kit (Termofisher Scientific, USA). Figure 1 shows an example of
measuring library concentration.

The sequence of amplified fragments was carried out in the lon PGM ™ gystem, bioinformatics
analysis of the results was carried out using the lon Reporter ™ software, the Ion 16S ™ Metagenomics
Kit analysis module.

Using a combination of two primer pools allows a wide range of bacteria in a mixed population to be
identified by sequence of bases. Figures 2 and 3 show examples of bioinformatics analysis and a Crohn’s
diagram.

Results. Metagenomic analysis showed that the fecal mass consist of5 main phyla: Actinobacteria,
Bacteroidetes, Firmicutes, Proteobacteria, and Vericomicrobia were found in a bacterial population. The
proportion of each phyla in the total bacterial population is different. The smallest amount falls on Phyl
Vericomicrobia (0.02%), the main filaments are Bacteroidetes (37%) and Firmicutes (42%). The results
are presented in table.

A total of 298 bacterial species were identified in 33 patients in the intestinal microbiome. Of these,
79% of the bacterial population is represented by 38 to 82 species. In 21% (7 patients), intestinal
microbiomes are represented by a small number of bacteria (from 20 to 30 species).
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Figure 1 — Melting curves of samples in dilutions of 1: 100 and 1: 1000 relative to standards
when measuring library concentration
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Figure 2 — An example of the result of bioinformatic analysis of a microbiome based

on Ton Reporter software
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Figure 3 — Phylogenetic metagenomic classification of taxonomic units (Crohn’s diagram)

The ratio of bacterial species in the intestinal microbiome

Phyla Class Order Family Genus Species Share, %
Actinobacteria 1 3 3 13 34 49
Bacteroidetes 1 1 4 10 46 37
Firmicutes 4 5 9 52 164 42
Proteobacteria 4 4 4 17 29 16
Vericomicrobia 1 1 1 1 1 0,02

The proportion of Actinobacteria phyla is 4.9%, but the structure is heterogeneous. Only 19% of
patients in the bacterial population identify three taxonomic groups Actinomycetales, Bifidobacteriales
and Coriobacteriales, in 70% of the patients the bacteria Bifidobacteriales and Coriobacteriales are present
in the microbiome, and in 11% of the patients, the Actinobacteria class is represented only by the bacteria
of the Coriobacteriales order.

Phylogenetic analysis revealed that in the bacterial population, Bifidobacteriales were found in the
microbiota in 85% of patients. However, their number in the structure is heterogencous, a wide range is
observed from 0.01 to 16.62%, only in the microbiome of 4 patients their number was from 8% to 16%.

Phyla Bacteroidetes werefound in 31 patients. Cluster analysis of the phyla showed that in the
bacterial population it accounts for 37%. Phyla is represented by 10 genus and 20 species of bacteria. The
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main taxonometric groups Bacteroides / Odoribacter / Parabacteroides / Prevotella / Alistipes have been
identified.

When carrying out a phylogenetic analysis of the bacterial population of 33 patients, 2 enterotypes
were identified: in 58% of patients - Bacteroides, in 42% - Prevotella.

One of the main commensal bacteria in the gut microbiome is Phyl Firmicutes [8, 12, 13]. So in the
bacterial population, intestinal microbiome phyla was diagnosed in 33 patients and makes up 42% of the
entire bacterial population. Phylogenetic analysis of the Firmicutes phyla showed that it consists of
4 classes, 5 orders, 9 families, 52 genus, and 164 species.

A metagenomic analysis of the structure of the Proteobacteria phyla showed that it consists of 4:
classes, 4 orders, 4 families, 17 genera, and 29 species. Phyla Proteobacteria occupies 16% of the entire
bacterial population of the studied individuals.

The fifth phyl Vericomicrobia is represented by one bacterial species, Akkermansia muciniphila.
This type of bacteria in the intestinal microbiome was found in only 8 patients. The phyla share in the
total bacterial population is 0.02%.

Discussion. According to European researchers, intestinal microbiomes mainly consist of bacterial
types such as Firmicutes (60—65%), Bacteroidetes (20-25%), Proteobacteria (5—10%) and Actinobacteria
(3%) [1, 14, 15]. The ratio of phyla is greatly influenced by the place of residence, food culture. Active
work is underway to study the general population of bacteria in the human intestine. Several groups have
studied the commonality of intestinal microbiome. One of the first observations was that the human
intestinal flora mainly belongs to only two types of Firmicutes (mainly represented by Clostridia) and
Bacteroidetes, with fewer bacteria belonging to Proteobacteria and Actinobacteria [1, 16].

The data obtained on the species composition of the bacterial population of the Actinobacteria phyla
show a decrease in bio-bacterial species in the intestine, which is associated with the occurrence of
gastrointestinal tract disorders, and in 81% of patients there is a violation of intestinal homeostasis, an
imbalance in the microsystem, which leads to the onset of the disease.

In the structure of phyla Propionibacteria, Rothia, which are indicators of a healthier metabolic status
of the intestine, were detected in the structure of the phyla not detected, i.¢., an analysis of the structure
showed a decrease in the species diversity of bacteria.

Phyla Bacteroidetes, the predominant genus in the human intestine, plays an important role in
numerous metabolic processes and can provide a certain level of protection against the multiplication of
pathogenic microbes in the intestine. Bacteria are involved in the process of fermentation of
carbohydrates, protein utilization, and biotransformation of bile acids. Actively decompose carbohydrates,
contribute to the production of vitamins C, B2, B5, H. [2, 15].

According to the composition of the bacterial population of Phyla Bacteroidetes, the researchers
proposed to identify certain enterotypes [ 18] regardless of location, health status or age. Three enterotypes
are distinguished in the bacterial population by the dominance of representatives of the genus:
Bacteroides, Prevotella, Ruminococcus. However, there are no clear criteria for determining enterotypes
[17,18].

Bacteroides enterotype bacteria are characterized by activity against the decomposition of
carbohydrates, contribute to the production of vitamins C, B2, B5, H. It is assumed that patients with this
enterotype will be less likely to suffer from atherosclerosis or it will manifest at a later date. The
Bacteroides enterotype is typical for people who eat large amounts of meat and animal fats[13].

Enterotype - Prevotella, bacteria in the intestines do not process sugar and carbohydrates well,
provide the body with vitamin B1 and folic acid. But with this enterotype, the load on the intestinal
mucosa can increase. The risk of obesity and the development of metabolic syndrome, cardiovascular
disecase are characteristic. In the process of life, bacteria are able to destroy the protective mucous
membrane, predisposing to defects in the intestinal mucosa, ulcerative colitis and inflammatory bowel
diseases [19, 20].

Enterotype - Ruminococcus. These bacteria increase the absorption of carbohydrates, as well as
blood sugar. Representatives of this enterotype synthesize folic acid and vitamin B1. This enterotype is
most common in countries where plant foods predominate in the diet.

The obtained data on the species composition of the bacterial Bacteroidetes phyla population in the
intestine showed that 2 enterotypes, Bacteroides, Prevotella, were isolated. Probably, the prevalence of
two enterotypes is associated with the peculiarities of Kazakh nutrition, the predominance of meat and
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fatty foods in the diet. The presence of a large percentage of Prevotella bacteria indicates a predisposition
of patients to inflammatory processes in the intestine (Crohn’s disease, ULC).

An increase in the population of Firmicutes phyla bacteria contributes to an increase in body weight,
the onset of type 2 diabetes mellitus, cardiovascular pathology and inflammatory bowel diseases. Patients
with a predominant bacterial population of Firmicutes are more likely to suffer from atherosclerosis or
this pathology manifests itself at an earlier age [20].

It is known that an increase in the number of Firmicutes representatives and a decrease in the number
of Bacteroidetes leads to the development of a metabolic syndrome [18]. When studying the Bacteroidetes
/ Firmicutes ratio in 63.6% of patients, the taxonomic groups of Firmicutes phyla bacteria prevail in the
bacterial structure.

The obtained data on the species ratio of Firmicutes phyla show that patients are predisposed to the
development of obesity and insulin resistance, i.e. Type 2 diabetes. The prevalence of Firmicutes phyla
bacteria can be explained by the predominance of a high-fat diet in nutrition, which leads to inflammation
of the intestinal mucosa and to a decrease in lactobacilli.

Phyla Proteobacteria, the most numerous group of bacteria (1534 species are described), is a
heterogencous group, this group includes both symbionts of eukaryotes and a large number of pathogenic
and conditionally pathogenic microorganisms [21].

Phyla Proteobacteria is divided into five classes: alpha, beta, delta, gamma and epsilon
proteobacteria. When analyzing the species composition of the intestinal microbiome of 33 patients, it
was found that there are 4 classes of bacteria in the microbiota: Alphaproteobacteria, Betaproteobacteria,
Deltaproteobacteria, Gammaproteobacteria, no Epsilon proteobacteria class was found in any patient.
Pathogenic bacteria were found in a number of patients, Haemophilus parainfluenzae, 18% Echerichia
coli were found in 40%, Klebsiella pneumonia in 12%, and Mannheimia varigena in 13%.

The results of the phylogenetic analysis of the Proteobacteria phyla show that there is a decrease in
the species diversity of bacteria, but at the same time, metagenomic analysis allows the detection of
pathogenic bacteria using accessible methods that are difficult to find.

The bacterium Akkermansia muciniphila, a filial representative of Vericomicrobia, is considered an
important indicator of metabolic intestinal health [12,22]. Bacteria should be widely present in the human
intestine, their share should be 1-4% of the bacterial population in the colon. Akkermansia muciniphila is
a mucin-degrading bacterium that produces short-chain fatty acids that have beneficial effects on
intestinal cells and immunity[12,18,22]. A low indicator of the presence of bacteria in the colon in the
studied patients indicates inflammatory processes in the intestine, probably due to the peculiarities of the
nutrition of the mother and child in the first 18 months of life, the culture of nutrition.

B. B. benGepun, A. B. boporuxora, 9. T. Kypmanknna, I'. 7K. A¢iignHosa

«Kazakcran Pecriybnmkacer [TpesnnentTi Ic 6ackapmackl MeAMITMHANBIK OPTAJIBIFBIHBIH Ay PYXaHACHD
IMAPYAIIBLIBIK JKYPTi3y KYKBIFBIHAAFEI PECITy OTHKATBIK MEMIICKETTIK Kocinopusl, Hyp-Cynran, Kazakcran

16S pPHK T'EHIHIH TAPTETTIK CEKBEHAEYIH AMJIAJIAHA OTBIPBIII
IIIEK MUKPOBUOMBIHBIH TYP KYPAMBIH 3EPTTEY

AHHOTanmmsI. [mMeK MHKPOOMOMBI SKCTPAKOPIOPATIBIBIK OPTaHFA YKATAJbl JKOHE OHBIH CAHIBIK JKOHE TYPIIK
KypaMmbIHa OafiIaHbICTHI 9PTYPl (yHKUMSIAPAB! OPBIHAANTEIH KYPACI HEPAPXHSIbIK KYPHUIBIMMEH CHIIATTANAIbL.
OHBIH 0a7aHCHIHBIH OY3BLTYHI OPTYPIIL MATOJOTHIBIK SKAFAAWIAPABIH TYBIHAAYBIHA OKCJIYl MYMKIH (aTCPOCKICPO3,
JKYPEK-KaHTaMBIP SKYHECIHIH aypyaapbl, ieKTiH KaObIHY aypyJIapel, 2 THOTI KAHT AHA0CTI KOHE T.0.).

[mrexreri OakTepHUAIAPABIH TYPIIK apa KaTHIHACHIH, OAKTEPISUIBIK TYPJIEP MCH SHTCPOTHIITEPAIH CPEKIICITIK-
TEPiH 3ePTTCY MAKCATHIHAA Kejteci OybIH TexHOI0THACKHH (NGS) Komaana oTsipsi, MukpoopraammMacpais PHK 16s
TCHIH MOJICKYIATBIK-TCHC THKAITBIK, 3CPTTCY MKYPTi3imai.

JKapreinait eTkisrim CEKBEHIECY 9ICIH MaiaalaHa OTHIPHIN, 33 MAIMEHTTIH IMIEK MHKPOOHOMBIHBIH TYPJIK
KYPaMbIH TaIayIblH aJFAIIKGl HOTIDKEICP] anbIHABL S Herisri ¢un colikecteHaipinai: Actinobacteria (4,9%), Bac-
teroidetes (37%), Firmicutes (42%), Proteobacteria (16%) sxome Vericomicrobia (0,02%). 298 Herisri TakCOHO-
MISUTBIK OIPITiK TaOBLIIBL
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Tanmay 6akrepusiiap MOy JBIIHAA iMIeK METaOOIM3MIHIH HEFYPIBIM CAy CTATYCHIHBIH HHAHKATOPIAPHI OOJIBII
TaOBUTATHIH OAKTCPHATIAP a3 MOIIICPAC KOPCCTIITCHIH KOPCETTI.

BakreprsuIbIK MOMY JSINUSIHBIH (PUITOTCHETHKANBIK TAXIAYBIH KYPTi3y KE31HAC 2 SHTEPOTHI aHBIKTAMIbL 58%
nmanueHTTe -1 Bacteroides snrTeporuti, 42% - 2 Prevotella sHreporuri.

BakrepusamapaslH TYPJTIK apa KaTBIHACBIH MCTATCHOMABIK TATAAy iMICKTE TYPAl OaKTCPHATAPIBIH OpTYpP-
JITiHIH a3aifaHeIH KepceTTi. MIMMyHHTETKE »Kayam OepeTiH OakTepmsIapIblH TOMEHICYl, 2 THNTI KaHT auade-
TiHIH, MCTAOOMM3MAIK CHHAPOMHBIH >KOHC IIMCKTIH KAOBIHY aypyJapblHBIH JAMYBIHA OCHIM OakTCpHSIApIBIH
SKOFaphI yJieci OaiKaiampl.

Tyiiin ce3aep: imek MukpoOuomsl, 16s pPHK rewi.

B. B. benoepun, A. B. boposuxosa, A. T. Kypmankuna, I'. 7K. AGuanmHoBa

PI'TI «bombauia MeauumHCKOTO IIeHTpa Ynpasnenus nenamu [Ipesunenra Pecryommkn Kazaxcran» na [1XB,
Hyp-Cymran, Kazaxcran

HCCIEAOBAHHE BUJIOBOI'O COCTABA MUKPOBHOMA KHINIEYHUKA
C HCIIOJB30OBAHUEM TAPITETHOT'O CEKBEHUPOBAHMUSA I'EHA 16S pPHK

AnHoTanusa, MUKpoOHOM KHIICYHHKA ABIACTCS SKCTPAKOPHOPATBEHBIM OPTAaHOM H XAPAKTCPH3YCTCA CIIOKHOH
HCPAPXHUCCKOH CTPYKTYPOH, KOTOPAs BHIMOJHACT PA3HOOOPA3HBIC (JYHKITHH, 3aBHCAINNC OT ¢¢ KOTMHMCCTBCHHOTO H
BHZIOBOTO cocTaBa. Hapymenme ee 0amaHca MOKET NMPHBOJUTh K BOZHHKHOBCHHUIO PA3THYHBIX NMATOJIOTHUCCKHUX
COCTOSIHHH (aTE€pOCKIIEpO3, 3a00ICBAHMS CEPACIHO-COCY TUCTON CHCTEMBI, BOCTIATHUTCIbHBIC 3a00ICBaHM KHIICY-
HHUKA, CAXapHBIH quadeT 2 THIA H Ap.).

C mesbro M3yUCHHS BHAOBOTO COOTHOIICHUS OAKTEPHH B KHINCYHUKE, OCOOCHHOCTEH OAKTECPHAIBHBIX BUAOB U
SHTCPOTHUIIOB OBLIO MPOBEICHO MOJICKYJLIPHO-TCHETHICCKOE mccnenopanne reHa 16S pPHK mukpoopraHusmos ¢
MPUMCHCHHEM TEXHOJIOTHH cleayromero mokoacHus (NGS).

HCHOJ’IBSY}I MCTOA MOJYHNPOBOAHUKOBOI'O CCKBCHHPOBAHUA ObLIH TOJYYUCHBI NCPBBIC PE3YJIbTATHI AHAIM3A
BHAOBOTO COCTaBa MHKPOOMOMA KHINICYHHKA 33 marmeHTOB. MACHTH(HIHPOBAHO 5 OCHOBHBEIX (hmyioB: Actinobac-
teria (4,9%), Bacteroidetes (37%), Firmicutes (42%), Proteobacteria (16%) u Vericomicrobia (0,02%). O6Hapy»KeHO
298 OCHOBHBIX TAKCOHOMHYECKHUX CAMHHULL,

AHanw3 mokaszain, 4To B IOIYJLIMH OAKTEPHH B MAJOM KOJHYECTBE IPEIACTABICHBI OAKTECPHH, KOTOPHIC SB-
JLIFOTCS] HHAUKATOpaMu O0JIee 310POBOTO METADOIMUECKOTO CTATyCa KUIICTHHKA.

[Ipn mpoBeacHHH (DHIIOTCHCTHYCCKOTO AHATN3Aa OAKTCPHANBGHOHW MOMYILIMHH HACHTH()HUIMPOBAHO 2 3HTCPO-
tuna: y 58% manuenTos -1 sHTepornn Bacteroides, y 42% - 2 sHrepotun Prevotella.

MeTtarcHOMHBIN aHATIH3 BHAOBOTO COOTHOIICHHSI 6aKTepI/II\/II MOKAa3daJ1, YTO B KHIICYHHKC Ha6m0/:[aeTc;1 CHH-
JKCHHC BHAOBOTO Pa3HOOOpa3ms OakTepuit. OTMEUACTCA CHIDKCHHC OAKTCPHIA, OTBCUAFOINUX 32 HMMYHHTCT, BRICOKAS
Jom OaKTepHil, MPECAPACTONATAOMAS K PA3BHTHIO CAXapHOTO AWA0CTa 2 THIA, MCTA0OMMHMCCKOTO CHHAPOMA H
BOCHAJIHTEIBHBIX 300/ IEBAHHI KUIIETHHKA.

KioueBbie cioBa: MuUKpoOHOM KumeyHuKa, reH 16S pPHK.
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