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POLAR LIPIDS OF RUANIA ALBIDIFLAVA,
A NOVEL MEMBER OF THE SUBORDER
MICROCOCCINEAE

Ruania albidiflava represents a novel species and new genus within the suborder
Micrococcineae in Actinobacteria classis. The aim of the studies was to establish
a polar lipid profile of Ruania and to compare it with other representatives of
actinobacteria. Additionally, isolation, purification and chemical characteristics
of major lipid compounds were elaborated. Major lipids were isolated using
column adsorption chromatography and purified by TLC and high performance
liquid chromatography. The polar lipids of Ruania were phosphatidylglycerol,
diphosphatidylglycerol and two unknown lipids containing sugar and phosphorus.
GLC-MS and methylation analysis of sugar part of major glycolipids revealed the
presence of glycerol, inositol; and terminal residues of mannose and galactosamine.
Fatty acids were mainly iso and anteiso C15:0 branched. Comparative TLC showed
its glycolipid profile of Ruania different from previously reported for Rothia,
Arthrobacter, Micrococcus and Propionibacterium, but was similar to Oerskovia
which belongs to Micrococcineae suborder.

Keywords: bacterial lipids, glycolipids, Ruania, chemical markers.

Actinobacteria class was introduced by Stackebrandt and coworkers in 1997 and
contains phylogenetically related microorganisms on the basis of 16 S rRNA and
rDNA sequence similarity, previously known as actinomycetes [10].

During the past several years numerous novel taxa in the class Actinobacteria
were cultured and described. One of them is Ruania albidiflava, which represents
a novel species and new genus within the suborder Micrococcineae [3]. Besides that
new families in this suborder are created, Ruania up to now represents a separate
genus [4] and the nearest phylogenetic neighbour was determined as Georgenia
muralis [3].

The strain was isolated from farmland soil from Shandong province in China [3].
Characteristic feature of this genus is new murein type, L-Lys—Gly—L-Glu—L-Glu
(Ada) in the peptidoglycan of a cell wall.

Valuable markers in chemotaxonomy are polar lipids i.e. phospho- and
glycolipids. Phospholipids are broad and important markers in actinomycete
taxonomy [5]. The early observations showed that polar lipid profile was useful in
the differentiation of actinomycetes and allied taxa giving the reference glycolipid
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patterns. Studies of our group revealed some specific glycolipids markers f. ex. in
Propionibacterium [9], Rothia (8], Saccharopolyspora [2] and many other genera [6].

The aim of the study was to establish a polar lipid profile of Ruania and to compare
it with other representatives of actinobacteria. Additionally, isolation, purification and
chemical characteristics of major lipid compounds were performed.

Materials and methods

Ruania albidiflava PCM 2644T (PCM — Polish Collection of Microorganisms) was
originally obtained from Chinese partners. Strains used in comparative experiments:
Micrococcus luteus PCM 5257, Rothia dentocariosa PCM 2249", Propionibacterium
propionicum PCM 2431" and Oerskovia xantineolytica PCM 2385".

Ruania was grown on Rich medium [3] on a rotary shaker under aerobic
conditions at 37 °C for 48 h. Micrococcus luteus, Rothia dentocariosa and Oerskovia
xantineolytica were cultivated on medium 79 [6] but Propionibacterium propionicum
according to [9].

After cultivation biomass was centrifuged (6000rpm, 20 min) and washed twice
with phosphate buffer (PBS).

The wet biomass was extracted twice with chloroform-methanol (2:1 v/v) [7].
The obtained lipid samples were analyzed by thin layer chromatography using
specific spray reagents: vanillin, orcinol, ninhydrin and Dittmer & Lester reagent for
phosphorus [7].

Major lipids were isolated using column adsorption chromatography and purified
by TLC and high performance liquid chromatography [9].

Fatty acid, neutral sugar and methylation analyses were performed by GLC-MS [9].

MALDI-TOF mass spectra were performed in the positive ion mode with DHB
matrix on Kratos Kompact-SEQ instrument.

Results and discussion
After 48 h incubation of R. albidiflava cells in submerged culture the biomass
was obtained with yield 11.8 g from 11 of medium. Morphology of colonies and Gram
staining smears are presented in Fig. 1.

Fig. 1. Ruania albidiflava
A — Gram stain of cells from Rich medium (48h submerged culture, magnification 1000x;
B — colonies on nutrient agar (72h, 28 °C)
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Chloroform-methanol extract of bacterial biomass of R. albidiflava was
obtained with yield of 0.32%. The polar lipids of Ruania were phospatidylglycerol,
diphosphatidylglycerol and two unknown lipids labelled G1 and G2. TLC analysis of
these compounds showed that they were reactive with vanillin, orcinol reagent and
Dittmer and Lester reagent, so these lipids contained sugar and phosphorus (Fig. 2).
No reaction with ninhydrin was reported (Fig. 2).

e H

Fig. 2. TLC chromatogram of lipid extract from
Ruania albidiflava
0 ® G Abbreviation: G1, G2 — major lipid compounds, DPG —
diphosphatidylglycerol, PG — phosphatidylglycerol.
Solvent system: chloroform — methanol — water (65:25:4
v/v/v), detection: 1 — ninhydrin regent, 2 — Dittmer and
Lester reagent, 3 — orcinol reagent, 4 — vanillin reagent.
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Comparative TLC showed that glycolipid profile of Ruania differed from previously
reported in Rothia, Arthrobacter, Micrococcus and Propionibacterium, but was similar
to Oerskovia xantineolytica which belongs to Micrococcineae suborder (Fig. 3).
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Fig. 3. TLC chromatogram of glycolipids -» : : g;
from Actinobacteria
1 — Micrococcus luteus, 2 — Arthrobacter
globiformis, 3 — Rothia dentocariosa,
4 — Qerskovia xantineolytica, 5 — Ruania
albidiflava, 6 — Propionibacterium propionicum. g
Solvent system like on Fig. 2, detection: orcinol i . ' - i
reagent. 1 2 3 4 Gl

Glycolipids G1 and G2 were separated and purified by different chromatographic
methods. The crude lipid extract of R. albidiflava was separated on a column of silica
gel eluted with solvents: chloroform, acetone and methanol (Fig. 4).
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The methanol fractions were partially

“Q A .S purified by preparative TLC. Pure glycolipids
& A were obtained by HPLC.
‘TR
R A A BBy

G2 Fig. 4. TLC of Ruania albidiflava lipid
fractions from column chromatography
eluted subsequently with chloroform, acetone
and methanol
1-3 — chloroform fractions, 4-6 — acetone
fractions, 7-10 — methanol fractions, 11-crude
lipid extract. Solvent system as on Fig. 2,
detection: vanillin reagent.
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GLC-MS analysis of sugar part of major glycolipids revealed the presence of
glycerol, inositol, mannose and galactosamine in both compounds (Fig. 5). Methylation
analysis showed that mannose and galactosamine were in terminal positions.
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Fig. 5 GLC/MS chromatogram of the sugars present in glycolipid G1 of
R. albidiflava
Peak 1 — (Rt=7.27 min) xylose represents internal standard, 2 — (Rt=9.85 min) inositol,
3 — (Rt=9.97 min) mannose, 4 — (Rt=12.01) galactosamine.

Fatty acids compositions of both glycolipids were similar and were mainly iso
and anteiso branched pentadecanoic acids (Tab.). Similar results were obtained for
whole cell fatty acids analysis in Ruania albidiflava |3].
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Fatty acids composition of major lipid compounds of R. albidiflava

Table

Fatty acids Rete"t[i;‘}nt]ime Rt GL 1 (%) GL 2 (%)
nC,, 5.40 144 13.9
is0C,,, 6.29 26.6 204
anteiso C 6.40 30.8 43.1
nC,, 6.76 3.1 tr
iso/anteiso C, 7.62 6.3 4.0
nCy,, 8.10 15.0 18.6
nC,, 9.02 3.8 tr

MALDI-TOF analysis of intact glycolipids revealed that molecular mass of G2
was lower than G1. On MALDI spectra four major peaks were seen, differed by
14 mass units, that was connected with heterogeneity of fatty acids (Fig. 6). The
difference in molecular mass between G2 and G1 indicates probably loss of one fatty

acid residue.
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Fig. 6 MALDI-TOF mass spectra of glycolipid G1 and G2 of Ruania albidiflava
Kratos Kompact-SEQ instrument, linear positive mode, DHB matrix.

Lipid compounds of R. albidiflava appeared to be related to phosphatidylinositol
mannosides (PIM). PIM are abundant in some actinobacteria f. ex. in Mycobacterium
and are involved in the interactions of mycobacteria with host cells [11, 1].

Ruania albidiflava represents characteristic lipid profile consisted of two unknown

lipid compounds, both belonging to glycerophospholipids.
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MOJISIPHBIE JIMMIUAbl RUANIA ALBIDIFLAVA —
HOBOI'O NPEACTABUTEJIA NMOANOPAAKA MICROCOCCINEAE

Pedepar

Ruania albidiflava npencrasisier cob6o#t HOBBIE BUI U pof moanopsinka Micro-
coccineae B knacce Actinobacteria. llenbro uccnenoBanuil 6bl10 H3ydeHHe Mpodus
MOJISIPHBIX JIUIUAOB Ruania ¥ CpaBHeHHE ero ¢ NpoUAsSMU APYTUX MpeacTaBUTesNel
akTHHOOaKTepuh. J{onosHUTENbHO OBbLIO NMPOBENEHO BbIAeNEHHe, OUUCTKA U H3yueHHe
XUMHUYECKHUX XapaKTePUCTHK OCHOBHBIX JMIHIHBIX COeIUHEHUH. BrineseHrne oCHOBHBIX
JIUTIU/IOB OCYLIECTBJISIIM METOIOM KOJIOHKOBO-a[COPOLIMOHHON XpomaTtorpaduu, a o4u-
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1la/d MeTOAAaMH TOHKOCJIOMHOM XpomaTorpauu U BbICOKO3((PEKTUBHOH KUAKOCTHOH
xpomarorpaduu. Iloasipusle aunuasl Ruania 6blIM NpeAcTaBaeHbl GochaTUAUITINLE-
poJioM, Au(oCchaTHIUATIHIIEPOJOM U IBYMS] HEH3BECTHBIMU JUMHUAAMH, COAEPKALIMMH
caxap u Qochop. [a30Bo->KMIKOCTHAS XpoMaTorpapusi—macc-CneKTpooTOMETPHST H
METHJISILHOHHBIH aHa/ln3 caxapoB OOJBIINHCTBA TJIMKOJIHUIHIOB BLISBUIN HAJHUHe TJIH-
LepoJia, HHO3UTOMA U TePMUHANbHBIX OCTATKOB MaHHO3BI U rasakTo3amuHa. JKupHble
KHCJIOTBI OBIK MpPEACTaBJeHbl B OCHOBHOM pa3BeTBJIEHHBIMH M30- W aHTHH30- C15:0.
CpaBHHTe/IbHASI TOHKOCJIOHHAS XpoMaTorpadust nokasaJga, 4To NMIMKOJUIHAHBIA TPO(UIb
Ruania oTnuyasncs oT paHee U3yueHHBIX npoduneit Rothia, Arthrobacter, Micrococcus
u Propionibacterium, Ho Obl1 cX0X ¢ TakoBbIM y Oerskovia, NpuHanjeXalyx K M-
nopsnky Micrococcineae.

KnwoueBbl e cuaoB a: 6akTepuasbHble JUTUIBI, [MUKOJMUNUAB, Ruania, Xu-
MHYEeCKHEe MapKephbl.
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MNOJISIPHI JIIMIANW RUANIA ALBIDIFLAVA — HOBOI'O
NMPEJCTABHUKA MIANOPAILKY MICROCOCCINEAE

Pedepar

Ruania albidiflava siBasie coboro HOBUU BUA i pin mimnopsanky Micrococcineae y
kaaci Actinobacteria. Metot nocifgzkeHb 6yn0 BUBUEHHS NPODiIi0 NONSPHUAX JiMiiB
Ruania i nopiBHsiHHS Horo 3 mpodiseM iHIIKUX MpencTaBHUKIB akTHHOOakTepii. Jlona-
TKOBO OyJIO NPOBeNEHO BU[iJEeHHS, OUMILEHHS Ta BUBUEHHS XiMiUHMX XapaKTepPUCTHUK
OCHOBHHUX JIMIAHUAX CMIONYK. BUIieHHST OCHOBHUX JIiMiIB 3AiHCHIOBAIN METOIOM KOJOHKO-
BO-aAcopOUidHOI XpoMaTorpadii, a O4uIleHHs MeTOAAaMU TOHKOIIApOoBOI XpomaTtorpadil i
BHCOKOe(eKTUBHOI piauHHoi xpomaTorpadii. [Tonsipui minigu Ruania 6ynau npeacrasieHi
thocharunuaraiueposom, audocdaTHAUATIILEPOSOM Ta 1BOMA HEBIIOMUMH JiMligaMH, sKi
MicTSATh 1yKop Ta (ocdop. ['a3o-pinnHHa xpomaTorpadis-maccneKTpoMeTpisi Ta METHIIS-
LiHHUI aHa/i3 LyKpy OibLIOCTI IVIiKOJIMNiAiB BUSBUIN HASBHICTD IJiLlepOJy, IHO3UTONY
Ta TepMiHaAJbHUX 3aJUILKIB MaHO3H i rasakros3aminy. YKupHi Kucjaotu O6yJau npeacrtas-
JIeHi B OCHOBHOMY pO3TasIy>KeHHMH i30- Ta aHTuizo- C15:0. [TopiBHsAMBHA TOHKOILIApPOBA
xpomatorpadis noxkasasna, uo TaiKoJinigHui npodinb Ruania BinpisHsBCS Bin paHilie
BUBUeHUX npodiniB Rothia, Arthrobacter, Micrococcus u Propionibacterium, ane 6yB
nonibuum no takux y Oerskovia, 1110 HajsexaTb 10 Nopsinky Micrococcineae.

KnwowuoBi caoB a: 6akrepianbhi ainiau, raikoainingy, Ruania, Ximiuni map-
Kepu.
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