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Occurrence of Unnatural Phospholipid in Marine Bacteria

Toshiko GAMANOY, Hironori FUJISHIMAY, Tomoo SAWABE?
and Yutaka ITABASHIV

Abstract

Using chiral phase high-performance liquid chromatography (HPLC), we have determined the stereochemical
configuration of phosphatidylglycerols (PG) from some marine bacteria, Pseudoalteromonas sp. (S strains), Vibrio
sp. (8 strains), Deleya aquamarina, Alteromonas macleodii and Stappia aggregata. For this purpose, PGs isolated
from total lipids by thin-layer chromatography were converted into bis(3, 5-dinitrophenylurethane) derivatives,
which were separated on two columns having chiral phases of opposite configuration, (R)- and (S)-1-(1-
naphthyl)ethylamine polymeric phases. The results clearly showed that the PG from all the strains of Pseudoaltero-
monas sp. and Alteromonas macleodii consisted of a single R, S isomer (1, 2-diacyl-sn-glycero-3-phospho-3'-sn-
glycerol), while PG from three strains of Vibrio sp. and Deleya aquamarina contained an unnatural R, R isomer
(1, 2-diacyl- sn-glycero-3-phospho-3'-sn-glycerol), giving 1.5%~7.1% in total PG. Stappia aggregata also
contained a small amount of the R, R isomer (0.3%). The present study demonstrates that chiral phase HPLC
provides direct and unambiguous information about the configuration of bacterial PG.

Key words : Marine bacteria, Pseudoalteromonas sp., Vibrio sp., Deleya aquamarina, Alteromonas macleodi,

Stappia aggregata, Phosphatidylglycerol, Stereoisomer, Chiral phase HPLC, 3, 5-Dinitrophenylurethane
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% (Shibuya, 1992), PG i3S D—D2THB ) K71
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Fig. 1. Structures of diastereomeric phosphatidylglycerols.
A, 1, 2-diacyl-sn-glycero-3-phospho-1"-sn- glycerol
(R, S configuration); B, 1, 2-diacyl-sn-glycero-3-
phospho-3'-sn-glycerol (R, R configuration).
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Table ! Content and diastereomer composition of phosphatidylglycerols of marine bacteria.

Diastereomer (mol %)

Strain® PG content (wt %)°

(R, S (R, R)*
Pseudoalteromonas sp. No. 36 23.1 100 N.D=°
Pseudoalteromonas sp. No. 37 18.5 100 N.D.
Pseudoalteromonas sp. No. 38 174 100 N.D.
Pseudoalteromonas sp. No. 39 119 100 N.D.
Pseudoalteromonas sp. No. 40 40.8 100 N.D.
Vibrio halioticoli 1AM 14596 T 225 98.5 1.5
Vibrio ezurae HDV1-1 12.2 98.3 1.7
Vibrio ezurae HDSS5-2 6.0 929 7.1
Vibrio superstes G3-15 224 100 N.D.
Vibrio superstes G3-29 7.2 100 N.D.
Vibrio gallicus HT1-3 5.1 100 N.D.
Vibrio gallicus HT3-2 134 100 N.D.
Vibrio sp. UG-1 6.7 100 N.D.
Deleya aquamarina 1AM 12645 30.1 97.6 24
Alteromonas macleodii 1AM 12920 26.4 100 N.D.
Stappia aggregata 1AM 12614 13.7 99.7 0.3

aBacterial strains except for D. aquamarina, A. macleodii and S. aggregata were tenta-
tively identified by phenotypic and phylogenetic characterizations.

*Phosphatidylglycerol content in total lipids.

°1, 2-diacyl-sn-glycero-3-phospho-1"-sn-glycerol (R, S configuration).
91, 2-diacyl-sn-glycero-3-phospho-3'-sn-glycerol (R, R configuration).

enot detected.

A sn-3,sn-1’(R.S)

sn-3,5n-3’(R.R)
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Fig.2. Chiral phase HPLC profiles of the bis(3,5-dinitrophenylurethane) derivatives of phosphatidylglycerols from
Vibrio ezurae HDS5-2 on a column containing (R)-1-(1-naphthyl)ethylamine (YMC A-KO03) (A) and (S)-1-(1-
naphthyl)ethylamine (YMC A-L03) (B). sn-3, sn-1’'=1, 2-diacyl-sn-glycero-3-phospho-1"-sn-glycerol (R, S
configuration) ; sn-3, sn-3'=1, 2-diacyl-sn-glycero-3-phospho-3'-sn-glycerol (R, R configuration). Column
temp., 10°C; Mobile phase, hexane/dichloromethane/methanol/trifluoroacetic acid (60:20:20:0.2, by vol).

Detection : 254 nm.
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Fig. 3. Possible biosynthetic pathways of 1, 2-diacyl-sn-glycero-3-phospho-3'-sn-glycerol (R,R configuration).
PG, phosphatidylglycerol ; (R, S), 1,2-diacyl-sn-glycero-3-phospho-1’-sn-glycerol ; (R, R), 1,2-diacyl-sn-gly-
cero-3-phospho-3'-sn-glycerol ; sn-G-1-P, sn-glycero-1-phosphate ; CDP-DG, cytidine 5’-diphosphate-diacyl-
glycerol ; PG-1-P, phosphatidylglycero-1-phosphate ; PE, phosphatidylethanolamine ; PLD, phospholipase D ;

CL, cardiolipin.

=154

AHFSE L i#R (Itabashi and Kuksis, 1997 ; BEE &, 2004)
DOFERI S, 1,2-YV 7 ¥ )-sn-7 ) £ u-3-K A KR-3-sn-
ZVUEu— (R, RE) BiEEE, M8 RN 546
T3 ZENHENIE 0T, EREDFESH SN TR
o fz ZOFFRARE PG OHEE S h 3 5B % Fig. 3
WWiRT o EVIHR PG OIiffEEE LTI THL I
ENTWE L2-YVT7 ¥ -sn-27") £ 0-3-1k A k-1"-sn-

Y eu—n (RS IE, vFY 52 B
(CDP)-Y7 ¥ A7) &u—i (DG) & sn-7 Y xua—i
FVVBroERT LI ENHOAZENRT VS
(Shibuya, 1992; ¥§E&, 1997), R, SizA LY XV E YV
(CL) » &K A& Y 85—+ D (PLD) DA 1E i
FoTHAERT 2 (Hostetler, 1982), —77, tll B L, sn-
JVku—N 32 UBTIRRL, sn-7 ) a—) 1-Y
VEBERLER T ABRDEET S (Kakinuma &, 1990), A5
BCAHIIE Tt U7 Mg EEea 08, e & FIfkiC sn-2



HE S | MEHIRNCTAE T 5 FERRA Y VIRE

Vev—nl1-Y vBEEGKT 5% 5E, CDP-DG &
sn-7 )=V 1-YVBhoRAT 7 FINLTY Lo—
N-1-) VEEEBERET L,2-Y 7 Y v-sn-2 ) 0 -3-k A k-
Y-sn-7 Y xu—) (RRE) BERT L LE2ZONS
(Fig. 3, ED/ 33 N), &7z, FEREWHTIE 2 9FD PG B3
WAL T CLYERENSD LRI Y £ o — VSR
T3 (AL, 1997), 207 ) vo—)\ L EEEEEOFE
B O—2THERA Ty FINLY /—VT 3> (PE)
EREELLC, PLDICX B3 FRRA 77 F Y NETHRK G
(Yang &, 1967 ; Joutti and Renkonen, 1976) 23422 2% 5
iE, R, St RREDYTAF VA —BESUNERT
BrEZ2 N5 (Fig 3, TO/NRN), £7-, CLIZERR
WfER3 5% PLD i, CLATFH 220 VBRICIZS &N
TehRD 7 ) v o — IV BIRO sn-3 A DFEE R BRI
KL, R, SHEOARERT L EEZSNTWEY, T
DEERD sn-1 L MKAIRT 27251, CL»5 R RE
DBRRT77F Y UEEEicEEKa NS (Fig3, T/ O
V) BBEZ & IMBROFLEZI INETHIS TR
B, R SH»s RRIEADT L I{LbEZ 5n2 (Fig
3, RO SR V) RRFFE TR KIEE OREE L3 B X UFEIE
FEYVA—MEHERE LTHY, 72— PiEtoflE
BEAATD, BEE LD S ZHIBRIEREEED Shiho
720 62T, R, RIERE T Vibrio TH 5 &~ —V¥iEkidta
Hahind, mESZELTHBDLTHEL AR
%0 ZD LI, R REDESHICIIEROBELEZ S
N3y, WTFNORKICE2DEHED L ZATHTH
%,

 H Y I

ARFE T, ¥ )V HPLC % v CHEME 16 Bk EE
£3 % PG ONARBEMERIAR 2T T2, Z OFER, Vibrio 3
Bk & D. aquamarina L UF S. aggregata 6, TNETEFD
FEBHONTHWERWL R, RFEED PG 8 S iz,
58, ZOIERRA PG OESHREE & A HEEE 205 0
WLizWwEEZ TS,

X 73

Shbuya, I. (1992) Metabolic regulation and biological
functions of phospholipids in Escherichia coli Prog.

Lipid Res., 31, 245-299.

KEFARHL (1982) JRE, [MAMOLEsEERE] (&
EMBHE Fethiiery—, B, 87-111

Kikuchi, S., Shibuyua, I. and Matsumoto. K. (2000)
Viability of an Escherichia coli, pgs null mutant lacking
detectable phosphatidylglycerol and cardiolipin. J.
Bacteriol., 182, 371-376.

Matsumoto, K. (2001) Dispensable nature of phosphati-
dylglycerol in Escherichia colii dual roles of anionic
phospholipids. Mol Microbiol., 39, 1427-1433.

Op den Kamp, J.A.F., Bonsen, P.P.M. and Van Deenen,
L.L.M. (1968) Structual investigations on glucosaminyl
phosphatidylglycerol from Bacillus megaterium. Bio-
chem. Biophys. Acta, 176, 298-305.

Ruettinger, R.T. and Brewer, G.J. (1978) Stereoconfigura-
tion of phosphatidylglycerol in the membrane of bacterio-
phage PM2 and in its host, Pseudomonas BAL-3I.
Biochem. Biopyhs. Acta, 529, 181-185.

Hostetler, K.Y. (1982) Polyglycerophospholipids: phos-
phatidylglycerol, diphosphatidylglycerol and bis(mono-
acylglycero)phosphate. pp. 215-261, Hawthorne, J.N.,
and Ansell, G.B. (Eds.), Phospholipids, Elsevier Biochem-
ical Press, Amsterdam.

Itabashi, Y. and Kuksis, A. (1997) Reassessment of stereo-
chemical configuration of natural phosphatidylglycerols
by chiral-phase high-performance liquid chromatography
and electrospray mass spectrometry. Aral Biochem.,
254, 49-56.

BB - BT - HRSET - BOgE-1IE 8
(2004) BHEMHBECEETLI2HRAT7FYVVT ) &
U —VOIREMEE, AAKEFSEE 70, 200-202.

"#E & -A. Kuksis (1998) 3 J ) HPLC/ESI/MS iz X
BRRAT 7 F VNI ) v u— VOIAREDORE, 185
A b2, 40, 175-177.

/N - BN - Bl - ARE— A - IS
P—eERE (1999) THESREROMEMHTAZ.
JERAKESRHR, 50, 115-122.

Bligh, E.G. and Dyer, W.J. (1959) A rapid method of total
lipid extraction and purification. Can. J. Biochem.
Physiol., 37, 911-917.

FEEIESL (1997) ) VIRE DL &R, [HiBasEE -
Rt~y 7] (HEREACESE BLFERA, ER
112-177.

Astrachan, L. (1973) The bond hydrolyzed by car-
diolipin-specific phospholipase D. Biochem. Biophys.
Acta, 296, 79-88.

Kakinuma, K. and Obata, Y. (1990) Biosynthesis of ar-
chaebacterial ether lipids. J. Cell Sci, 6, 222-224.

Yang, S.F., Feer, S. and Benson, A.A. (1967) Transphos-
phatidylation by phospholipase D. J. Biol Chem., 242,
477-484.



	0017.tif
	0018.tif
	0019.tif
	0020.tif
	0021.tif

