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Analysis of the fatty acid composition of total cellular lipids is important chemotaxonomic character-
istic that is used to identify microorganisms, in particular actinobacteria, with the help of fatty acid spectra
libraries. Actinobacteria are well known as producers of secondary metabolites, which are of pharmaco-
logical and commercial interest. A significant number of actinomycetes is associated with various marine
benthic communities. The aim of this study was determination of the fatty acid composition and preliminary
identification of actinobacteria isolated from mussels Mytilus galloprovincialis of the Black Sea Odesa Bay.
Actinobacteria of 12 isolated strains were grown in a liquid medium at 28° C for 72 h. Methyl esters of fatty
acids were determined on a gas chromatograph Agilent. The MIDI Sherlock microorganisms identification
system was used to identify the studied strains. It was found that the fatty acids methyl esters profiles of studied
actinobacteria strains were characterized by the predominance of 12-17 saturated branched-chain fatty acids
with high content of 12-methyltridecanoic, 12-methyltetradecanoic, 14-methylpentadecanoic and 14-methyl-
hexadecanoic fatty acids. All 12 actinobacteria strains isolated from mussels (Mytilus galloprovincialis) of
Odesa Bay were identified as members of the Streptomyces genus.
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arine actinobacteria exist in a unique
M environment characterized by extreme

conditions (high pressure, high salinity,
temperature changes, nutrients limited availability),
and this promotes their synthesis of new biological-
ly active metabolites by forming unusual, for land,
metabolic pathways [1, 2].

Marine actinobacteria synthesize a variety of
metabolites with antibiotic and antitumor activity,
and also they are capable of inhibiting the biofilms
formation by antibiotic-resistant human pathogens.
To date, it is well known that a significant number
of actinomycetes is associated with various marine
benthic communities members, such as sponges,
corals, ascidians, sea anemones, sea cucumbers, jel-
lyfish, fish, sea urchins, and algae. Thus, the isola-
tion and study of actinobacteria from marine aquatic
organisms as potential producers of new antibiotics
are promising. Most marine actinobacteria usually
are members of the genus Streptomyces [1, 3, 4].

The fatty acid composition analysis of total cel-
lular lipids is an important chemotaxonomic charac-
teristic that correlates with the results of molecular
genetic identification [5, 6], and is used to identify
microorganisms with the help of fatty acid spectra
libraries [7]. Differences in fatty acid composition
influenced membrane functions, particularly mem-
brane permeability, which consequently could favor
the synthesis of antimicrobial compounds [8].

Actinobacteria are divided into two types ac-
cording to the fatty acids composition. The first type
includes species with cells dominated by fatty ac-
ids with a branched chain, and species of the second
type show a significant percentage of saturated or
monounsaturated fatty acids with a straight chain
[9, 10].

The study aimed to determine the fatty acids
composition of actinobacteria isolated from mussels
Mytilus galloprovincialis of the Black Sea Odesa
Bay, and their preliminary identification.
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Materials and Methods

The study was carried out on 12 actinobacteria
strains isolated in 2020 from mussels Mytilus gal-
loprovincialis that were collected in the Mechnikov
Odesa National University Hydrobiological Station
sea area from a depth of 3-5 meters of the Black Sea
Odesa Bay [11].

Fatty acids methyl esters (FAME) determina-
tion of the studied strains was performed according
to the MIS Operating Manual [9]. To do this, actino-
bacteria were grown in 20 ml of Tryptic Soy Broth
(Biolife, Italia) at 28 + 1°C and 150 rpm shaking
for 72 h. The resulting liquid culture was passed
through 0.45 um pore size filters, and about 40 mg
of separated cells biomass was transferred into glass
vials with Teflon-coated lids for fatty acids extrac-
tion. Isolation and chromatographic separation of
fatty acids was performed according to a standard
protocol. Cell lysis and saponification of microor-
ganism’s cell lipids were performed by adding 1 ml
of a 1.125 M NaOH solution in a methanol mixture at
95-100°C for 30 min. Subsequent fatty acid methy-
lation was performed by adding an acidic solution
(2 ml of 6.0 N HCI in methanol) at 80°C for 10 min.
Extracted fatty acid methyl esters were neutralized
with 0.3 M NaOH solution [7].

Determination of the bacteria fatty acids
composition was performed by gas chromatogra-
phy using an automatic system for the identifica-
tion of the microorganisms MIDI Sherlock based
on gas chromatograph Agilent 7890 (Agilent
Technologies, USA), capillary column ULTRA 2
(25 mx0.2 mmx0.33 um), flame ionization detector.
The sample (2 pl) was injected in split mode with
a coefficient of 40:1, the evaporator temperature
250°C. The separation was performed in the mode of
programming temperature — the initial temperature
of 170°C with a subsequent gradient of 5°C/min up
to 270°C. The fatty acid content was expressed as a
percentage of the peak area’s total amount. The Sher-
lock Microbial Identification System library (MIDI
Sherlock version 6.2, MIDI Library ACTIN 3.80)
was used to identify the studied strains. Statisti-
cal analysis of FAME profiles was done with MIDI
Library Generation System software version 6.2,
which also includes a built-in quantitative multivari-
ate statistical approach [12].

The dendrogram was built based on the fatty
acids composition determination results using the
ape package as.phylo function in the R 4.1.1 envi-
ronment software in the R programming language.
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The ape package in R 4.1.1 is widely used for any
analysis related to phylogenetics and comparative
evolutionary studies of organisms. In order to be
able to create an object belonging to “phylo” it is
necessary first to cluster the data using the dist and
hclust methods, which are used in hierarchical clus-
ter analysis. In this case, the function as.phylo.hclust
(or as.phylo) transforms the clustering tree, com-
puted with hclust, into a phylogenetic tree, i.e., into
a “phylo” class object. Additional analysis was per-
formed using the pvclust package in R 4.1.1, which
provides an estimate of the uncertainty in hierarchi-
cal cluster analysis.

Results and Discussion

We have previously studied the morphological,
cultural, physiochemical properties of actinobacteria
isolated from mussels Mytilus galloprovincialis in
the Odesa Bay of the Black Sea [11]. The importance
of chemotaxonomic characteristics, one of which is
cellular fatty acids, for the taxonomy of bacteria is
well-proven [5, 13]. Bacterial fatty acid profiles can
vary significantly with culture age and culture con-
ditions. But provided a standard and reproducible
approach, as well as a data library with profiles of
reference typical strains, the method can be used
to identify bacteria [5-7]. The similarity indices
(Sim Index) of the studied strains were established
(from 0.01 to 0.302) with the indices of the reference
strains from the database of the ACTIN 3.80 version
6.2 library. The Sim Index is a numerical indicator
of the FAME profile similarity of the studied strain
to the FAME profile of the strains that were used to
create the library reference element. The numerical
indicator lower than 0.300 suggests that these spe-
cies are not in the database. Therefore, we can only
talk about the preliminary identification of the spe-
cies, which will be confirmed by 16S sequencing in
future works [11]. Thus, 12 actinobacteria strains
isolated from mussels (Mytilus galloprovincialis)
were preliminarily identified as members of the ge-
nus Streptomyces with different similarity indices
[7, 12, 14].

In this chromatographic analysis of the FAME
profile all of the studied actinobacteria strains, fatty
acids with a carbon chain length ranging from C , to
C,, were detected, including unsaturated 14-methyl-
hexadecenoic acid (C,,, .., ,,), 9-Cis-hexadecenoic acid
(Ci is o)» 3-methylheptadecenoic acid (C,,, . ico o)
as well as saturated 12-methyltridecanoic acid
(C,,....), 12-methyltetradecanoic acid (C

14:0iso 15:0 anteiso)’
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Table. Cellular fatty acids composition of Streptomyces strains, (%)

Fatty acid The strain of Streptomyces sp.
mytl | myt2 | myt3a | myt3b | myt4 | myt5 | myt6 | myt7 | myt8b | mytl0 | mytll | mytl2a

110 anteiso - - 0.09 | 0.06 013 | 005 | 013 | 0.10 - 0.05 - -
Chaoico - - 0.11 0.12 0.11 0.05 0.13 0.18 - 0.07 0.08 -
Craoico 0.24 | 0.36 - 040 | 058 | 046 | 041 | 043 | - 014 | 031 | 045
Chvmtis | 042 | 046 | 034 | 058 | 059 | 031 | 057 | 045 | — | 041 | 046 | 0.25
Cuioies 413 | 286 | 324 | 379 | 351 | 205 | 324 187 803 | 289 | 357 | 143
Coio 073 | 058 | 0.53 0.50 052 | 128 | 045 | 1.09 - 0.26 | 0,56 0.46
Crorameeon | 017 | — | 011 - 002 | - - - - - - -
Cieor 6.64 | 12.81 | 1227 | 12.64 | 1424 | 1381 | 1337 | 1489 | - | 751 | 987 | 2218
Ceoanteico 36.05 | 34.32 | 3198 | 3310 | 43.30 | 30.29 | 44.20 | 33.67 | 12.41 | 48.90 | 3353 | 29.67
Ciso 2.46 241 - 2.55 154 1.94 131 | 203 | 3484 | 1,67 213 121
Crin - | 021 | 027 | 032 | 016 | 011 | 015 | 016 | - | 017 | 0.22 -
Choticon 259 | 251 | 3.09 3.60 1.02 | 080 | 154 | 099 | 538 | 097 | 297 0.64
Ciooio 1505 | 1145 | 1318 | 1410 | 7.36 | 6,08 | 742 | 7.26 | 1576 | 10.82 | 1275 | 6.83
Caiciso 6.79 5.53 477 4.92 4.62 6.69 | 403 | 593 | 641 161 4.89 214
Cio 644 | 652 | 6.25 | 523 578 | 11.23 | 526 | 10.24 | 353 | 332 | 581 5.96
Cls00mety 144 | 312 | 3.04 3.06 243 | 292 | 254 | 321 | 241 | 126 | 207 5.30
Coywwise | 303 | 339 | 337 | 345 | 205 | 249 | 274 | 281 | 482 | 258 | 294 | 288
Coroi 159 | 270 | 249 | 237 | 316 | 305 | 323 | 343 | - | 152 | 196 | 814
Coouens | 1041 | 874 | 808 | 769 | 698 | 759 | 770 | 946 | 642 | 949 | 775 | 1139
Cooeics 064 | 081 | 074 | 075 | 042 | 024 | 031 | 032 | - | 039 | 070 -
Cor0eyelo - 052 | 043 028 | 046 | 029 | 064 | 0.34 - 112 | 044 -
Cro 058 | 045 | 0.70 0.40 032 | 062 | 027 | 058 - 027 | 041 0.59
Sim Index | 0.288 | 0.32 | 0.098 | 0.302 | 0.136 | 0.01 | 0.113 | 0.203 | 0.091 | 0.075 | 0.03 0.216

14-methylpentadecanoic acid (C

acid (C

16:0

14-methylhexadecanoic acid (C

16:01i

17:0 anteiso:

.,)» hexadecanoic
), 16-methylhexadecanoic acid (C

16:09 methyl)’

) (Table).

The FAME profiles of actinobacteria strains
isolated from mussels Mytilus galloprovincialis of
the Black Sea Odesa Bay were characterized by the

It was found that the Streptomyces genus
actinobacteria’s FAME profile was dominated
by 12-methyltetradecanoic acid (C . ...,) from
12.41% to 48.9%, 13-methyltetradecanoic acid
(C.....)—6.64-22.18%, 14-methylpentadecanoic acid
Cle0is,) — 6.83-15.05%, 14-methylhexadecanoic acid
Cor0aneiso) — 6-98-11.39%, hexadecanoic acid (C,, ) -
3.32-11.23%. The Streptomyces sp. myt8b differed
from other strains: in its fatty acids composition pen-
tadecanoic acid (C ) — 34.84% and 12-methyltride-
canoic acid (C — 8.03% were dominated.

15:0 iso:

14:0 iso)

predominance of 12-17 saturated branched-chain fat-
ty acids with iso and anteiso positions of the methyl
group. Actinomycetes markers are methyl-branched
fatty acids, which is consistent with many studies
[15-17]. Also, a suitable marker for the Streptomy-
ces genus identification is the fact that almost all the
strains contained a C eyelo small percentage [12].
Unsaturated acids are proposed to have a minor role
in microbes containing branched-chain acids, al-
though unsaturation is often regarded as one of the
most important regulators of membrane flexibility
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Fig. Dendrogram of results of clustering by the fatty
acid composition of streptomycetes isolated from
mussels Mytilus galloprovincialis

and stability. The FAME profiles of the streptomy-
cetes contained up to 10% of unsaturated fatty acids,
most of which were iso or anteiso acids.

According to the obtained results, most strains
were assigned to one cluster that was divided into
three subclusters. It can be assumed that, according
to the cell wall fatty acid composition results, Strep-
tomyces sp. myt3b, myt3a, myt2 showed the greatest
affinity for each other. The subcluster also includes
Streptomyces sp. mytl and mytll. The other two
subclusters include Streptomyces sp. myt7, myt5,
mytl2a and Streptomyces sp. myt4, myt6, mytl0,
respectively. According to the cell wall fatty acids
composition, strain myt8b showed the greatest dif-
ference from all the other strains that are reflected in
the separate cluster forming.

Therefore, this type of clustering may also in-
dicate that not all isolated strains can be attributed
to representatives of the genus Streptomyces. That is,
the affiliation of some of them, such as myt8b, to the
genus Streptomyces may be incomplete and requires
further research.

Conclusions. Fatty acids profiles of actino-
bacteria strains isolated from mussels Mytilus gal-
loprovincialis of the Black Sea Odesa Bay were
characterized by the branched saturated fatty acids
isomers presence. Thus, by fatty acids chromato-
graphic analysis the 12 studied actinobacteria strains
were identified as members of the Streptomyces ge-
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nus. However, the clustering showed the necessity
for further specification of classification obtained.
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AHai3 )KUPHOKUCIIOTHOTO CKJIaay 3arajlbHIX
JIMIIB KIITHHU € BRXKJIMBOIO XEMOTAKCOHOMITHOIO
XapaKTePUCTHUKOIO, sIKa BUKOPHCTOBYETHCS
s igeHTH(ikanii  MiKpoopraHi3miB, 30KpeMa
aKTHHOOAKTEPii, 3a JOIIOMOT 00 0i0TI0TEK CIIEKTPIiB
KUPHUX KHUCIOT. AKTHHOOAKTEpil 100pe BioMi sK
MPONYIIEHTH BTOPUHHUX META0OJIITIB, SIKi CTAHOB-
JATh (PapMaKOJIOTIYHUN 1 KOMEpILiHHUHI iHTEepec.
3HauHa KUIBKICTHh AKTUHOMILIETIB IIOB’A3aHa 3
PI3HOMaHITHUMH MOPCHKMMH OCHTOCHUMH YTPY-
MoBaHHsIMU. MeTow jaHoi poboru Oysio BU3HA-
YEeHHS JKUPHOKUCIOTHOTO CKJaly Ta TONEepeIHs
imenTudikamis akTHHOOAKTEpid, BUIIJICHUX 13
migizi  Mytilus galloprovincialis Ogmecekoi 3aT0-
k1 YopHoro mops. AktunoOakrtepii 12 BuaineHux
HITaMiB BUPOILYBAJH B PIAKOMY CEpEelOBULII IpH
28°C mpotsirom 72 rox. MeTunosi edipu KUPHUX
KUCJIOT BH3HAUalld Ha Ta30BOMY XpomaTtorpadi
Agilent. Jns igerTtHdikamii  moCTiIKyBaHUX
IITaMiB BUKOPHCTOBYBAJU CHCTEMY iMeHTHU]IKaIii
Mmikpoopranizmie  MIDI Sherlock. Bcranoineno,
mo mpodisi METHIOBHX €QipiB KUPHUX KHUCIOT
JIOCIIJKYBaHUX IITaAMIB aKTHHOOAKTEPii Xapakre-
PU3YIOTHCS TIepeBakaHHAM 12-17 HacHYeHHUX Po3-
rajyXeHUX >KUPHUX KHUCIOT i3 BHCOKHM BMiCTOM
12-MeTUATPUIEKAHOBOI, 12-MeTUNTETPaAEKAHOBOT,
14-meTHUNIIEHTaACKaHOBOI  Ta 14-meTuirekca-
JICKAHOBOI JKUPHUX KHCIOT. ¥Yci 12 mramiB
akThHOOaKTEpil, BHUmimeHMX 13 Migid Mytilus
galloprovincialis ~ Omecepkoi  3aroku,  Oynm
iIeHTUdIKOBaH1 K MIPEICTAaBHUKHU pony
Streptomyces.
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Knmouori cmosa: migii Mytilus gallopro-

vincialis, '"KUpHOKHCIOTHUH CKJIAJ aKTHHOOAaKTe-
piii, Streptomyces, Yopae mope.
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