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Abstract. For accurate species-level identification of microorganisms, researchers today increasingly use a
combination of standard microbiological cultivation and visual observation methods with molecular biologi-
cal and genetic techniques that help distinguish between species and strains of microorganisms at the level
of DNA or RNA molecules. The aim of this work was to identify microorganisms from the ICG SB RAS Collection
using an integrated approach that involves a combination of various phenotypic and genotypic characteris-
tics. Key molecular-genetic and phenotypic characteristics were determined for 93 microbial strains from the
ICG SB RAS Collection. The strains were characterized by means of morphological, physiological, molecular-
genetic, and mass-spectrometric parameters. Specific features of the growth of the strains on different media
were determined, and cell morphology was evaluated. The strains were tested for the ability to utilize various
substrates. The strains studied were found to significantly differ in their biochemical characteristics. Physio-
logical characteristics of the strains from the collection were identified too, e.g., the relationship with oxygen,
type of nutrition, suitable temperature and pH ranges, and NaCl tolerance. In this work, the microorganisms
analyzed were combined into separate groups based on the similarities of their phenotypic characteristics.
This categorization, after further refinement and expansion of the spectrum of taxa and their metabolic maps,
may serve as the basis for the creation of an “artificial” classification that can be used as a key for simplified and
quicker identification and recognition of microorganisms within both the ICG SB RAS Collection and other
collections.
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AHHOTauuA. [1nAa TOYHON BUAOBOW MAEHTNOUKALMN MAKPOOPraHU3MOB CErofjHA BCe Yalle NPUMEHSAIOT CO-
yeTaHMe CTaHZAPTHbIX MUKPOOMONOrMYECKUX METOLOB Ky/bTVBMPOBaAHWA W BU3yaNbHOTO HabnogeHus
C MeToAaMn MONEKYNAPHOW OGMONOrMM 1 TeHeTUKW, NMOMOralWyMN pas3nnyaTb BUAbl U WTaMMbl MUKPO-
opraHn3moB Ha yposHe monekyn OHK wunu PHK. Llenbto gaHHo paboTbl 6bi10 NpoBefeHne naeHTnduKa-
umm mukpoopraHusmos us Konnekuum MLUml CO PAH ¢ nomoLblo KOMMIEKCHOrO MOAXofa, CoYeTatoLero
MCMOJIb30BaHMe LIMPOKOro CrekTpa GeHOTUMUYECKUX M FeHOTUMUYECKUX NPu3HakoB. [na 93 wrtammoB
MukpoopraHmamos Konnekuyun VLI CO PAH onucaHbl KitoueBble MONEKYNAPHO-TEHETUYECKNe U GpeHoTU-
nnyeckre ceBomnctBa. PaccmoTpeHbl Mopdonornyeckme, GU3nNonornyeckre, MoneKkynapHo-reHeTuyeckme u
Macc-CNeKTPOMETPUYECKME XapPaKTEPUCTMKL LUTaMMOB. YCTaHOBIEHbI 0COGEHHOCTMN POCTa LUTaMMOB Ha pas-
HbIX cpefax, n3yyeHa Mmopdonorna KneTok. LUtammbl npoTecTMpoBaHbl Ha CNOCOOHOCTb KMCMOMNb30BaTb Pas-
NnYHble cy6cTpaTbl. OBHaPYKEHO, UTO NCCNIEAOBAHHbIE WTAaMMbl 3HAUUTENBHO Pa3NnYanmcb No CBoMM 6uo-
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KomnneKcHbI MeTo] TaKCOHOMUYECKOM
naeHTUGMKaLMN MUKPOOPTraHN3MOB

XMMUYECKMM npur3Hakam. OnpeneneHbl GU3nonornyeckrie 0CoO6eHHOCTU WTAMMOB KOMEKLUW: OTHOLEHWE
K Kucnopogy, TUn nuTaHua, fnanasoH Temnepatyp n pH, otHoweHue K NaCl u gp. WccnepgoBaHHble MUKpPO-
opraHn3mMbl 06beAnHeHbl B OTAENbHbIE FPYMbl HA OCHOBAHUM CXOACTBA UX GEHOTUMMNYECKUX XapaKTePUCTUK,
YTO MOXET NPU JanbHelwen JopaboTKe 1 PaCUMPEHUN CNeKTpa TakCOHOB 1 MX METAaboNMYECKNX KapT no-
CIYXWTb OCHOBOW [N1A CO3AaHNA MCKYCCTBEHHOM» Knaccndukaumm, Kotopaa MoXeT ObiTb 1Cnonb3oBaHa B
KayecTBe K/ioya s YNpoLeHHON 1 6onee BbICTPON NAEHTUGMKALMN U PacNO3HAaBAHUA MUKPOOPraHN3MOB
B pamkax Kak Konnekuymu VLI CO PAH, Tak 1 opyrux Konnekumn.

KntoueBble cnoBa: naeHTdMKaLma MUKPOOPraHM3MOB; GUOXMMUYECKME XapaKTepPUCTUKN GaKTepuii; Xemo-

cncTemMaTuka; MaCC-CI'IeKTpOMETpI/ILIeCKI/IIh aHanums.

Introduction

Identification of prokaryotes, which are morphologically
less diverse than eukaryotes, is based on a wide variety of
phenotypic — and in many cases also genotypic — characteris-
tics. During the description and identification of bacteria,
researchers study their cultivation properties, morphology,
cell organization, physiological and biochemical features,
chemical composition of cells, GC content of DNA, nucleotide
sequence of the gene coding for 16S ribosomal RNA (rRNA),
and other phenotypic and genotypic characteristics.

Phenotypic methods of identification are popular mostly
because of their relatively low cost. Phenotypic reactions
usually include the responses to various chemical compounds
or biochemical markers. Nonetheless, the manifestation of
phenotypic traits of a microorganism — e.g., cell size and
shape, sporulation, cell composition, antigenicity, biochemi-
cal activity, and sensitivity to antimicrobial agents — often
depends on the nutrient media and culture conditions being
used. Therefore, in recent years, to improve the classic me-
thods of biochemical identification, investigators developed
modern methods of biochemical identification (Church, 2016;
Reyes, 2018).

Characteristic features of the growth of microorganisms on
solid and liquid nutrient media are categorized as cultivation-
related or macromorphological properties. Morphological
characteristics and bacterial-cell organization include such
traits as cell shape and size, cell motility, the presence of
flagella, flagellation type, and sporogenesis capacity. In bac-
terial systematics, the top priority is given to Gram staining
and cell wall structure.

Research on physiological and biochemical properties
primarily includes determination of the nutrition mode of the
bacterium being analyzed (photo-/chemo- and auto-/hete-
rotrophy) and the type of energy metabolism (capacity for
fermentation, aerobic or anaerobic respiration, or photosyn-
thesis). It is important to identify such traits as the relationship
of this bacterium with molecular oxygen, temperature, pH of
the medium, with salinity, illuminance, and other environ-
mental factors. This group of traits also contains the list of
substrates utilized as sources of carbon, nitrogen, and sulfur;
requirements for vitamins and other growth factors; formation
of characteristic products of metabolism; and the expression
of certain enzymes. For this purpose, special assays are often
performed.

Many assays employed for the detection of the aforemen-
tioned traits (they are sometimes called “routine assays”) are
crucial for clinical diagnoses and are widely used in medical
microbiology. These assays require substantial time, a large

number of complicated media and reagents, compliance with
standardized operating procedures, and meticulous execu-
tion. To accelerate and facilitate the identification of some
microorganisms, mostly those that are clinically important,
researchers have developed various assay kits, such as
MIKROLATEST® ID | Erba Lachema s.r.o. and BioLog. For
instance, the MIKROLATEST® ID assay is designed for the
identification of enterobacteria and represents a plastic cham-
ber with wells containing colored diagnostic media. Whether
the result is positive or negative is determined by changes in
the color of a medium or by a reaction after the addition of
special reagents (e. g., the assay of indole production and the
Voges—Proskauer test).

A state-of-the-art phenotypic technology called BioLog
yields valuable information about the properties of strains in
addition to species level identification. Molecular techniques
such as 16S rRNA sequencing and matrix-assisted laser
desorption/ionization time of flight (MALDI-TOF) mass
spectrometry do not provide information about the proper-
ties of a strain. The technology of carbon source utilization
in the BioLog assay allows environmental microorganisms
and pathogenic microorganisms to be identified by compiling
a characteristic profile or “metabolic fingerprint” after certain
assay reactions carried out in a microtiter plate. Suspension
cultures are tested by means of a panel of preselected assays,
then are incubated and analyzed on a signal reader, and the
results are queried against databases.

Among the modern methods of biochemical identification
is MALDI-TOF mass spectrometry, which is one of the latest
methodologies for microbial identification. Even though this
assay is “phenotypic,” it in a sense eliminates the gap in the
reliability of the test results obtained by phenotyping-based
biochemical assay systems and genotyping-based identifica-
tion systems. Additionally, the methodology is very rapid and
therefore well exemplifies a “rapid microbiological assay”
(Gaudreau et al., 2018).

Determination of the bacterial-cell chemical composition
also plays a role in bacterial systematics (chemosystema-
tics). Chemotaxonomic methods may be helpful in particular
for classifying the bacterial taxa whose morphological and
physiological characteristics vary widely and are insufficient
for their satisfactory identification. Additionally, cell wall
composition determines serological properties of bacteria.
This principle underlies the immunochemical techniques for
their identification.

Investigators sometimes also employ the lipid and fatty-acid
composition of bacterial cells as chemotaxonomic markers.
Active research on fatty acids has become possible with ad-
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vancements in gas chromatography. Differences in the lipid
profile are used for the identification of bacteria at species
and genus levels. This method, however, has some limitations
because fatty-acid content of cells may depend on cultivation
conditions and culture age.

Analysis of nucleotide sequences of rRNAs has gained
much popularity and importance for the identification of
bacteria and for the creation of phylogenetic approaches to
their classification.

Founded at a federal publicly funded scientific institution,
the Federal Research Center ICG SB RAS, a collection of bio-
technologically important microorganisms contains more than
1500 strains, cultures of microorganisms, and DNA samples
valuable for science and biotechnology and is intended for
identification of new microorganisms with promise in terms
of biotechnology and bioengineering and for studies on their
genetics and metabolism. The collection contains represen-
tatives of all major superkingdoms (fungi, bacteria, archaca,
and algae) and physiological groups (including anaerobes and
extremophiles). Most strains in the collection have been iso-
lated from previously unstudied unique extreme ecosystems:
brine lakes, hot springs, soils, offshore areas, and bodies of
freshwater.

For accurate species level identification of microorganisms,
currently, investigators are increasingly applying a combina-
tion of standard microbiological techniques of cultivation
and visual observation with molecular biological and genetic
methods, which help distinguish the species and strains of
microorganisms at the level of DNA or RNA molecules (Kar-
dymon, Kudryavtseva, 2016). For biotechnological purposes,
it is important to have information not only about species
affiliation of strains but also about their substrate specificity,
completeness of metabolic pathways’ implementation, activity
of metabolic reactions, and the possibility of their modulation.
Consequently, an integrated approach to the identification of
natural microorganisms will simplify the search for the strains
that hold promise for bioengineering tasks.

The purpose of this study was to identify microorganisms
from the ICG SB RAS Collection via an integrated approach
involving a combination of a wide variety of phenotypic and
genotypic characteristics.

Methods

Phenotypic characterization. The shape and size of live
and stained cells were determined using light and electron
microscopes Axioskop 2 Plus, Axioskop A1, LIBRA 120 (Carl
Zeiss) at the Multi-Access Center for Microscopic Analysis of
Biological Objects (SB RAS). The samples were prepared by
standard methods (Netrusov et al., 2005). Gram staining was
conducted by means of the Gram Stain Kit (Sintakon, Russia)
according to the manufacturer’s instructions.

The optimal temperature and pH for growth, NaCl tole-
rance, catalase and urease oxidase activities, anaerobic growth,
amylolytic and caseinase activities, and other activities as well
as the ability to utilize various substrates were determined ac-
cording to Netrusov et al. (2005) and Logan & De Vos (2009).
Most of the assays were carried out using Lachema and Bio-
Log reagents and assay Kkits.
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Sequencing of 16S rRNA genes. Taxonomic affiliation
(phylogenetic position) of the strains was determined accord-
ing to the 16S rRNA gene sequence. To this end, bacterial
DNA was isolated by the standard phenol method (Maniatis
et al., 1984). Amplification of the 16S rRNA gene was con-
ducted with universal bacterial primers 16S-8-f-B (5-AGR
GTTTGATCCTGGCTCA-3') and 16S-1350-r-B (5'-GAC
GGGCGGTGTGTACAAG-3"). The reaction mixture con-
sisted of 1.5 mM MgCl,, 65 mM Tris-HCI (pH 8.8), 16 mM
(NH,),S0,, 0.05 % of Tween 20, 0.2 mM each dNTP, 0.3 mM
each primer, and 1 U of recombinant Taq polymerase (Sib-
Enzyme, Novosibirsk, Russia). DNA sequencing was per-
formed by the Genomics Multi-Access Center, SB RAS.

Searches for similar sequences in nucleotide databases were
conducted by means of the software of the Blast series (http://
blast.ncbi.nlm.nih.gov/Blast.cgi). Sequence alignment was
performed in the ClustalW software (http://www.ebi.ac.uk/
Tools/msa/clustalw?).

Chemotaxonomic properties. To analyze the fatty-acid
composition of cells, the strains were grown at optimal tem-
perature until the exponential growth phase. The biomaterial
obtained was processed according to (Jenkins, Tanner, 1977);
after alkaline hydrolysis of lipids, acids were extracted with
hexane and were methylated with a methanolic HCI solution
according to Schiffer et al. (2002). The mixture of methyl
esters of fatty acids was analyzed by gas chromatography
on an Agilent Technologies 6890N chromatograph coupled
with an Agilent Technologies 5973N quadrupole mass spec-
trometer and a quartz DB-1 column. The carrier gas was He
at a constant flow rate of 1 ml/min. Injection temperature
was 250 °C, and sample (1 pl) injection was performed via
a microsyringe; electron impact ionization was set to 70 eV.
Chromatographic-mass-spectrometric analysis of the studied
solutions was conducted by means of total ion current in
SCAN mode in the mass range 10 to 800 Da, with selective
ion monitoring (SIM) of molecular ions of the compound
being studied. Identification of methyl esters of fatty acids
was performed through comparison with database NIST
Mass Spectral Search Program for the NIST/EPA/NIH Mass
Spectral Library Version 2.0a, build “Jul 2002.”

Mass-spectrometric analysis was conducted on an Ultra-
flex III MALDI TOF/TOF mass spectrometer (Bruker Dal-
tonics). The spectra were recorded in linear positive mode at
alaser frequency of 100 Hz in the mass range 2000—20000 Da.
Accelerating electrode voltage was 25 kV, IS2 voltage
23.45 kV, and lens voltage 6 kV, without an extraction delay.
For each sample, three spectra were acquired by summing
up 500 laser impulses (5 x 100 impulses at different positions
of the target cell). External calibration was performed with
precise masses of known proteins: Escherichia coli RL36:
4365.3 Da, RS22: 5096.8 Da, RL34: 5381.4 Da, RL32:
6315.0 Da, RL29: 7274.5 Da, and RS19: 10300.1 Da. The
series of spectra obtained for each strain were employed to
generate the characteristic spectra in Biotyper 3.0 software,
which constituted a list of mass peaks with averaged m/z va-
lues and relative peak intensities.

To identify microorganisms from the ICG SB RAS Col-
lection, the phenotypic and genotypic characteristics deter-
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mined were analyzed in Statistica 6.0 software. Dendrograms
were constructed by the method of unweighted pairwise
arithmetic mean, and two-dimensional graphs by multidi-
mensional scaling. Multivariate analysis was carried out in
Past 3, version 3.25 (Hammer et al., 2001). In accordance
with the requirements of the software, semiquantitative data
on 95 substrates of the BioLog assay system were converted
to numerical values: data on the absence/presence were coded
as “0” or “1,” respectively, and undetermined values as “?”.

Results

In this study on microbial identification, 93 strains from
the ICG SB RAS Collection were analyzed. Geographic
locations of sampling for the isolation of microbial cultures
were rather diverse: from vineyards of Crimea to geysers of
Kamchatka and the Kuril Islands. Ecological types of habitats
varied widely too: from bodies of freshwater to salty soils;
temperature conditions were cold or thermal; environmental
pH levels were neutral, acidic, or alkaline. The samples were
collected both from unaffected natural areas of water and from
anthropogenically polluted rock types.

Strains were isolated on various media: e.g., LB, beef
extract agar, beef-extract broth, or Pfennig’s medium with
supplements. The cultivation was conducted at 32 to 55 °C.
Each strain was subjected to phylogenetic, phenotypic, and
mass-spectrometric characterization.

Morphology and biochemical properties

Most strains produced circular white, cream-colored, or yellow
colonies. Colony edges were even or wavy, and the profile
was flat or convex. Colony sizes varied from pinpoint size
(less than 1 mm) to >5 mm. Cells of the strains were rodlike.
Seventeen strains secreted a pigment into the medium. The
cell wall was gram-positive. Streak growth varied among the
strains: from nondiffuse to highly diffuse and from rosarylike
to solid. Seventy-five strains featured sporogenesis.

The temperature ranges for growth tested were within
870 °C, and the pH ranges tested were within 2—10. The
suitable temperature range for the growth of thermophilic
microorganisms was 40-70 °C with an optimum at 60 °C.
The suitable range for the growth of mesophilic microorga-
nisms was 25 to 40, 50, and 55 °C, with an optimum mostly
at 35 °C. Strong growth of the strains was noted at a NaCl
concentration of 1 g/l. Some strains did not grow or grew
poorly at 5 g/l NaCl in the medium.

All the strains studied were tested for the ability to utilize
various substrates by means of Lachema and BioLog assay
systems. The strains were found to be acrobes and/or faculta-
tive anaerobes. In terms of nutrition, the strains turned out to be
heterotrophs and chemoorganoheterotrophs. An overwhelm-
ing majority of the strains grew well on media with casein,
starch, or Tween as a sole carbon source. Seventy-three strains
showed a well-pronounced caseinase activity, characterized
by the presence of clear zones around colonies after treat-
ment with acetic acid (Netrusov et al., 2005). Furthermore,
81 strains had a good amylolytic activity, evidenced by clear
zones. In a reaction with iodine, aside from the usual loss
of color, in some cases, there was reddening of the medium
around colonies, indicating the formation of dextrins.
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It was determined that 40 strains possess a B-galactosidase
activity. Virtually none of the strains utilized malonate, cit-
rate, ornithine, or sulfur compounds (negative results of an
H,S test). None of the strains except one utilized lysine, and
17 strains had a urease activity. None of the strains manifested
a B-glucuronidase activity. The strains either utilized or did not
utilize mannitol, trehalose, lactose, cellobiose, arginine, meli-
biose, sorbitol, salicin, raffinose, inositol, arabitol, adonitol,
and dulcite. Twenty strains featured a -xylosidase activity.

Most of the strains studied did not utilize D-turanose,
N-acetyl neuraminic acid, p-hydroxyphenylacetic acid, methyl
pyruvate, D-fucose, L-fucose, L-rhamnose, D-aspartic acid,
D-serine, glycyl-L-proline glucuronamide, mucic acid, chinic
acid, D-saccharic acid, a-hydroxybutyric acid, B-hydroxy-
D,L-butyric acid, a-keto-butyric acid, or sodium butyrate.

It was found that an overwhelming majority of the strains
belong to the genus Bacillus, and the others to the genera
Anoxybacillus, Lysinibacillus, Geobacillus, Paenibacillus,
Achromobacter, Agrobacterium, and Stenotrophomonas.

Characteristic mass spectra of protein profiles were obtained
for 83 strains from the collection. The results of phylopro-
teomic analysis were consistent with taxonomic affiliation
of the strains, as determined by the sequencing of 16S rRNA
genes. The results of the mass-spectrometric analysis comple-
mented the existing set of characteristic mass spectra and may
be useful for further identification of microorganisms in the
cases where obtaining a quality DNA sample for sequencing
is problematic.

Analysis of the fatty-acid composition of the cell wall re-
vealed the following fatty acids: saturated unbranched: myris-
tic acid (C14:0); branched-chain acids: isomyristic (isoC14:0),
isopentadecanoic (isoC15:0), anteiso-pentadecanoic (aC15:0),
isopalmitic (isoC16:0), and anteiso-palmitic (aC16:0); and
monounsaturated: palmitoleic acid (C16:1). The profile and
ratio of fatty acids in the cell wall of bacteria are important
traits for the identification of these microorganisms.

Discussion

Fig. 1 depicts a phylogenetic tree built from 16S rRNA se-
quences; it reflects the clustering of bacterial strains by species
affiliation. Fig. 2 presents a statistical analysis of 21 strains
for 96 formalized biochemical parameters determined by the
BioLog Omnilog assays. This analysis did not reveal clear-cut
clustering, especially judging by the strains of Bacillus subtilis
(see Fig. 2). Ten strains from 21 samples analyzed belong to
the species B. subtilis. Six of them (strains No. 10, 13, 14,
19, 20, and 21) are components of a relatively loose cluster
that is formed by representatives of the B. subtilis group and
B. cereus group. This cluster includes Lysinibacillus macro-
lides (strain No. 6). No other strains of B. subtilis (No. 2, 7,
11, and 17) clustered with their own species.

In prokaryotic systematics, for species identification, re-
searchers utilize such parameters as rRNA sequence, cell
membrane structure, and certain features of metabolism, e. g.,
methanogenesis or bacteriorhodopsin-dependent photosyn-
thesis (DasSarma et al., 2019). Our results suggest that the
features of metabolism analyzed are not species-determining
but may play a major role when the usefulness of one or an-
other strain for biotechnology is determined. This is because
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List 2 Bacillus subtilis

C 9 Bacillus subtilis

US-5-g1 Bacillus licheniformis
R 12 Bacillus subtilis

100t Ros 11 Bacillus subtilis

Ros 6 Bacillus subtilis
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Krim 3 Paenibacillus xylanilyticus

Inkerman pochva Agrobacterium tumefaciens

List 1 Stenotrophomonas pavanii

95 Pomidor 2 Achromobacter spanius

Fig. 1. The phylogenetic tree constructed by the minimum evolution method applied to 16S rRNA sequences of the strains for which biochemical data

were obtained by the Lachema assay (a) or BioLog assay (b).
The numbers near clades denote bootstrap support.
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Fig. 2. Results of the statistical analysis of the findings about the taxo-
nomic profile of the microorganisms studied and their specific features
of metabolism according to the first pair of principal components. The
analysis covers 96 parameters.

the possibility of degradation of various substrates is taken
into account.

Fig. 3 shows the results of clustering of 61 strains by 29 pa-
rameters of metabolism, as determined by MICROLATEST®
Lachema assays. We used such parameters as the ability of
bacteria to utilize some sugars (e.g., mannitol, trehalose,
lactose, cellobiose, sucrose, raffinose, and glucose), the pre-
sence of urease activity, and production of H,S. The analysis
included strains of three Anoxybacillus species, 17 Bacillus
species, and two Geobacillus species. Most of the strains
formed a relatively tight cluster, regardless of the species of
amicroorganism, thus indicating a similarity between the sub-
strates used for growth. The ability to grow on various sugars
and organic acids (which is what most of the substrates tested
were) is typical of the representatives of various taxonomic
groups from the bacterial kingdom, irrespective of their origin.
The second cluster (a smaller one) is formed by some strains
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of bacteria belonging to the following species: B. simplex,
Anoxybacillus spp. (flavithermus), G. stearothermophilus,
B. mycoides, A. pushchinoensis, and B. licheniformis. These
species were found to be represented by multiple strains, but
the other strains of these species ended up in a large cluster
according to metabolic characteristics. The unification of these
strains into one cluster by metabolic characteristics points to
a similarity between the substrates or possibly to the loss of
the ability to utilize some of the substrates. In this case, the
clustering does not reflect a common evolutionary origin,
but rather shows substrate specificity that has developed as
a consequence of convergent processes, probably during the
adaptation to the substrates. According to the sampling sites,
the species that ended up in the small cluster do not have
a common origin either.

There was clustering by morphological characteristics too.
For instance, the small cluster highlighted in Fig. 4 is formed
by the strains of microorganisms that produced relatively
large colonies.

Evidently, further refinement and expansion of the spectrum
of taxa and of their metabolic maps may lay the foundation
for an “artificial” classification that may be helpful as a key
for simplified and quicker identification and recognition of
microorganisms.

Conclusion

For 93 strains of microorganisms from the ICG SB RAS Col-
lection, we determined key molecular-genetic and phenotypic
characteristics. The strains were characterized by morphologi-
cal, physiological, molecular-genetic, and mass-spectrometric
parameters. Specific features of the strains’ growth on various
media were determined, and cell morphology was assessed.
Next, the strains were tested for the ability to utilize various
substrates. It was found that the strains studied substantially
differ in their biochemical characteristics. Additionally, we
evaluated physiological characteristics of the strains from this
collection: e. g., the relationship with oxygen, nutrition type,
suitable ranges of temperature and pH, and NaCl tolerance.
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Fig. 3. Results of the statistical analysis of the data on the taxonomic profile of the microorganisms studied and their specific
features of metabolism according to the first pair of principal components. The analysis covers 29 parameters.
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Fig. 4. Results of the statistical analysis of the findings about morphological characteristics according to the first pair of principal

components.

Application of the integrated approach to microbial iden-
tification is necessary for solving the problems of targeted
searches for biotechnologically promising strains. In this
study, we combined microbes into separate groups/clusters
on the basis of similarities of their phenotypic characteristics.
This categorization, after further elaboration and expansion of
the spectrum of taxa and of their metabolic maps, may form
the basis for the creation of an “artificial” classification that
may be helpful as a key for simplified and faster identification
and recognition of microbes within both the ICG SB RAS
Collection and other collections.
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