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Drugs derived from secondary plant metabolites make up about 25% of the global
pharmaceutical market [1]. Oleanane pentacyclic triterpenoids, in particular oleanolic (OA) and
glycyrrhetinic (GA) acids, are the most of interest for researchers in medical chemistry and used to
obtain derivatives with pronounced antiviral, antimicrobial, anti-inflammatory, antitumor, and
hepatoprotective activities. Along with chemical synthesis, biological methods of OA and GA
transformations have been actively developing, which allow to obtain valuable derivatives without
the use of aggressive reagents and can be carried out under normal temperature, pressure and pH
values. Furthermore, microbial conversion ensures selective modifications of triterpenic molecule
sites that are either not modified or poorly modified by chemical transformations [2]. Among the
known microbial biocatalysts, members of mycelial fungi are the most studied, but their use on a
preparative scale is technologically impossible and dangerous due to the mycelial type of their growth
and the ability to produce mycotoxins with pronounced mutagenic and carcinogenic effects. Whereas
bacterial catalysts are only represented by a few species of Bacillus, Nocardia and Streptomyces
genera, including pathogens, exhibiting catalytic activity at a concentration of OA and GA no more
than 0.3 g/L [3]. In this context, it is essential to search for new non-pathogenic bacterial strains able
to carry out site-directed transformations of OA and GA. One of the intensively studied groups of
microorganisms in terms of biotechnological application is non-pathogenic actinobacteria. Non-
mycelial growth, synthesis of biosurfactants, the ability to grow on minimal media, a flexible
metabolic system and high oxygenase activity determine the prospects for actinobacteria to be used
as perspective biocatalysts for biotransformation of OA and GA [4]. Moreover, the ability of
actinobacteria of genus Rhodococcus to transform pentacyclic triterpenoid betulin with formation of
betulone was previously shown [5]. In this work, 76 strains of actinobacteria from the Regional
Specialized Collection of Alkanotrophic Microorganisms (official acronym IEGM; the World
Federation of Culture Collections number 285; the Unique Research Facility number 73559;
www.iegmcol.ru) belonging to the species Corynebacterium ammoniagenes (1), C. glutamicum (1),
Gordonia terrae (4), R. aetherivorans (1), R. cercidiphylli (1), R. erythropolis (14), R. fascians (2),
R. jostii (3), R. opacus (15), R. gingshengii (2), R. rhodochrous (6) and R. ruber (26) were used. OA
(>98%, Acros Organics, USA) and GA (=98%, Shanghai Yuanye Bio-Technology Co, China),
dissolved in dimethyl sulfoxide (1:10 mg/uL), were used at a concentration of 1.0 g/L.

Bacterial cells were visualized and their morphometric parameters were measured using an
Axio Imager M2 microscope (Zeiss, Germany) equipped with an Axiocam 506 Color camera (Zeiss,
Germany) in phase contrast mode with a magnification of x1000. To determine the localization of
enzymes, crude cell extracts were obtained according to the method described by Tarasova, Grishko,
Ivshina, 2017 [6]. The qualitative and quantitative analysis of residual OA and GA and their
biotransformation products were carried out by thin layer chromatography (TLC) and gas
chromatography-mass spectrometry (GC-MS).
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The screening of collection actinobacterial cultures for the ability to biotransform of 1.0 g/L of
OA and GA revealed that only a few representatives of R. rhodochrous (5), R. opacus (4), R. jostii
(1), R. ruber (1) and R. ruber (5), R. erythropolis (1), R. opacus (1), R. rhodochrous (1), respectively,
used triterpenoids as the only carbon source. At the same time, only R. rhodochrous IEGM 1360
exhibited high catalytic activity to both OA and GA.

Biotransformation of OA using R. rhodochrous IEGM 1360 cells continued for 7 days and was
accompanied by 78.9% OA metabolization with the formation of 0.9% product with m/z 468.3 ([M]+,
GC-MS for methylated biotransformation product). The mass spectrum of the obtained compound
corresponded to the mass spectrum of the methyl ester of 3-oxo-olean-12-en-28-oic acid. It is known
that 3-oxo-olean-12-en-28-oic acid has a pronounced in vivo antimelanoma [7] and in vitro
antileishmanial and antitripanosomal effects [8]. The literature describes the formation of 3-oxo-
olean-12-en-28-o0ic acid using actinobacteria Nocardia iowensis DSM 45197 as a biocatalyst.
However, nocardia exhibited catalytic activity at OA concentration of 0.3 g/L, while the duration of
the biotransformation was 13 days [9].

Biotransformation of GA using R. rhodochrous IEGM 1360 cells continued for 7 days as well
and was accompanied by 72.2% triterpenoid metabolization and the formation of 26.1% of oxidized
derivative with m/z 482.4 ([M]+, GC-MS for methylated biotransformation product). The mass
spectrum of the obtained compound corresponded to that of the methyl ester of 3,11-dioxo-olean-12-
en-29-oic acid previously obtained using mycelial fungi Fusarium lini (product yield was 4.0%,
process duration was 12 days) and having inhibitory activity against lipoxygenase [10].

Using crude cell R. rhodochrous IEGM 1360 extracts, the participation of enzymes associated
with the cell membrane in the biotransformations of OA and GA was experimentally proved.

Using phase contrast microscopy, the formation of separate cell aggregates on the surface of
crystalline particles of triterpenoids was shown. At the same time, no significant changes in the size
of cells and the relative area of their cell surfaces were recorded. Probably, the formation of
aggregates determines the stable metabolic activity of rhodococci towards complex hydrophobic
substrates, providing high catalytic activity under conditions in which single cells are not capable of
division and biotransformation of the substrate.

The findings expand the understanding of the catalytic activity of actinobacteria of the genus
Rhodococcus and their possible use as biocatalysts for biotransformation of hydrophobic polycyclic
substrates, including for obtaining of biologically active derivatives of OA and GA.
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HOBBIE BAKTEPHU CEMEMNCTBA SALINISPHAERACEAE
N3 COJIAHOU WAXTBI BEPXHEKAMCKOI'O MECTOPOKJAEHUSA

Anees B.C.!, ITbsakoBa A.A.2, IInotaukosa E.I'.!?
Tlepmcknii rocynapcTBeHHBIH HALIMOHAIBHBIN HCCIIEN0BATENLCKUI yHUBEpCHTET, [lepmb, Poccus

2MIHCTUTYT 5KOJIOTUM U TeHETUKU MUKpoopranuszmos YpO PAH — ¢pumuan IIOUIL] VpO PAH,
[Iepmsb, Poccns

KiroueBnie cnmoBa: BepxHekamMckoe MECTOPOXKIACHHE KATHMITHO-MarHMEBBIX COJICH, Taylo(UIbHbBIE
OakTepuu, ceMeicTBo Salinisphaeraceae.

B nacrosmee BpeMs ranoduiibHbIE MUKPOOPTaHU3MBI SIBJSIOTCS MPUOPUTETHBIM O0OBEKTOM
UCCIIEIOBAaHUIN BBUAY HX CIIOCOOHOCTH aJalTHPOBAThCS K LIMPOKOMY AMANA30HY COJICHOCTH H
MECTOOOWTAHWI Ha OCHOBE PA3JIMYHBIX MEXaHU3MOB IMPHUCIOCOOJICHUS K cojieBoMy cTpeccy [1].
Cpenu rano@uibHbIX OakTepHil OMHMCAHBI JECTPYKTOPHI YIJIEBOJOPOAHBIX 3arps3HUTENEH, 4TO
CBUJETEIHCTBYET O BO3MOKHOCTH MCIIOJIb30BaHUS JaHHBIX MUKPOOPTraHU3MOB JJIsl OMopeMeuauu
3arpsi3HEHHBIX 00BEKTOB OKPYXKAIOIICH cpesbl [2].

bakrepuu cemetictBa Salinisphaeraceae (xnacc Gammaproteobacteria, nopsanox Nevskiales)
SBJIIIOTCSL  T€TEPOTPO(HBIMH, TaJTOTOJEPAHTHBIMH WM TaJOPMIBHBIMU TPaMOTPHUIATEIbHBIMU
OakTepusMH, criocoOHbI cymecTBoBaTh nmpu KoHreHTpauu NaCl ot 10 mo 300 r/n [3-11]. CemeiicTBO
BKJIIOYAaeT Tpu poxa: Salinisphaera, Abyssibacter n Salifodinibacter. 1lpencraBurenu ceMeincTBa
ObUTH 0OHAPYKEHBI B Cpe/iaX C BHICOKUM COAEPKAHUEM COJIM, B MOPCKUX MIJIM OKEAHMYECKUX Cpeax:
ITyOOKOBOJAHOM paccodie [3], rimy00KOBOIHBIX THAPOTEPMAIbHBIX HCTOYHUKAX [4], MOpCKO# BojE [ 5,
6], comonuakax [7], Bozme u3 Gaccelina mis 100ban conu 8], rimybokoBoHOM phide [9] 1 Mopckoit
Bojie W3 Mapuanckoil Bnaauubsl [10]. B xonme uccnenoBanusi rMHUCTHIX oTioxkeHnl BKMKC,
OTOOpaHHBIX HEMOCPEJICTBEHHO B IIAXTax, OBLIO BBIACICHO YEThIpE IITaMMa Talo(pHIbHBIX
MHKpPOOpranu3moB, obo3nadyeHHbeix SHV1, SHV6, SWV1, RV14. Ananu3 nocienoBaTeabHOCTEH
rera 16S pPHK moxa3an, uYro Bce BBIJCICHHbIE OaKTepUU MNPHUHAUICKAT CEMEHCTBY
Salinisphaeraceae.

Llenp wuccienoBaHUs — MPOBEIACHHE CPABHUTEIBHOW XapaKTEPUCTHKH HOBBIX OakTepuid,
BBIZIETICHHBIX U3 cojsHoM maxtel BMKMC, ¢  paHee omnMcaHHBIMH TMpPEICTaBUTENISMU
cemelictBa Salinisphaeraceae. bakrepuansable mrammel SWV1, RV14 umenu cxoAcTBo Mo rexy
16S pPHK ¢ Gnuxaiiiuum THIIOBBIM mTammoM Salinisphaera hydrothermalis EPR70" na ypoBHe
95,94% u 96,63%, cOOTBETCTBEHHO. JlaHHbIE HM3KHE MPOIEHTHI CXOJICTBA MO3BOJSIOT CHENAThH
BBIBOJI O TOM, UTO ATH IIITAMMBI MIPEICTABISAIOT c000i HOBBINM TakcoH. LlITammel SHV 1, SHV6 umenu

cxoncTBO 1o rery 16S pPHK c¢ OGmmxkaiimmm THNOBBIM mTamMMmoM Salinisphaera hydrothermalis
EPR70" na yposne 99,89%.
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