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Reversed-Phase HPLC/Electrospray Ionization Mass Spectrometry of
Phosphatidylglycerol Molecular Species in Pseudomonas fluorescens

Yukako Taoka and Yutaka [TABASHI

Abstract

Regio-specific analysis of molecular species of bacterial phosphatidylglycerols (PG ; a mixture of 1,2-diacyl~
sn-glycero-3-phospho-1"-sn-glycerol and 1.2-diacyl-sn-glycero-3-phospho-3'-sn-glycerol) was carried out
using reversed-phase high-performance liquid chromatography (HPLC) in conjunction with electrospray ioniza-
tion mass spectrometry (ESI-MS).
TAMI2001 strain was used. The PG fraction was isolated from total lipids of P. fluorescens in the stationary phase
and resolved into molecular species on an ODS column (25 cm X 4.6 mm i.d., 5 zm particle size) using methanol/
water/aqueous ammonium hydroxide (94:6:0.1, v/v/v) as the mobile phase. On-line ESI-MS gave weak
product ions [M-RCO]-, [M-H-RCOOH]~ and [RCOO]-, in dddition to a prominent deprotonated [M-H]~
molecule. The three product ions derived from a fatty acid at the sa-
those from the sn-1 position, by which”individual molecular species could be identified. The major molecular

species (sn-1/sn-2) were 16:0/cis-11, 12-methylenehexadecanoic acid (cyl17:0), 18: 1/cyl7:0 and 16:0/18: I,

For this purpose, the Gram negative bacterium Pseudomonas fluorescens

pOSlllOﬂ showed greater intensities than

of which the sum occupied about 73% of total PG.
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HPLC, Electrospray ionization mass spectrometry
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Structures of bacterial phosphatidylglycerols.

Left panel, I, 2-diacyl-sn-glycero-3-phospho-1"-sn-glycerol (R, S configuration) ;

Right panel, [, 2~
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ALk sn-2{0) 2O TCHEEST 5 T M TE I (HES,
7004)0 zMi T, ZOBEEEEAIBHE PG & 35 TR
DI 3 Pseudomonas fluorescens PG IZE A L 7o fE 51
DN fi’r*T ERSR
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diacyl-sa-glycero-3-phospho-3'-sn-glycerol (R, R configuration).
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VITT A 7(?}Lifm‘=f§}frﬁb7‘:o BEHHDO A Y /= &
Kk HPLC i (RIDEHIZET3ER) 2w, 29% 7 =7
KISFHRGAEE (BEERAL: J——é[\J) BRI L7 EERIE S, O
FH B 12 045 pm @ PTFE 7 4 )b ¥ — (Millipore ) % F
WTHEL 72,

PG % 100 yg/ml OUEEIC72 B X DAY ) — VIR
L, A=A »¥x7%— (AS3000, Finnigan &) % fv>
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Fisk 30arh, F v ¥V —BE-RBV, F2—T VAL T
Ly b —100 V R OEZSEERHET v F — (source CID
energy) % 40% IZEEL, A4 AT PVERIEL
(E AR 150~1,000 amu) (KRS, 2004),

UV &t HPLC (HPLC/UV)
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Foo MRHAZE 1213 L4000 (HIA7HY 2L, @S %
254nm TEZY — Lz, 70~ NI ADESERIZIE 7O~
kw7 C-ROA (B HEH L7,
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Table I Fatty acid composition of phos-
phatidylglycerols from Pseudomonas
Sluorescens TAMI12001 (wt%)®

Fatty acid® P. fluorescence
y

14: 0 0.5
15: 0 0.5
16: 0 26.8
16: In-9 0.1
16: In-7 9.8
17: 0 0.7
17: 1 0.2
cyl7: 0 33.0
18: 0 1.2
18: In-9 0.3
18: In-7 233
cyl9: 0 29

a) GLC conditions: column, Omegawax 320
(30mXx032mm id.);
1.2 ml/min ;

carrier gas (He),
column temperature, 170°C.”
b) cy. cyclopropane.
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RERAERHERL

KWFFE THHT LTz P fluorescens 1AMI2001 £ D PG
BENGREHELRL %= Table | I7R4, HFhIcy 7 a7 o S8
EREDYA-910-AF L o ~NFHFH > (eyl7:0) »34fE
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N7, 59T HIEX PG 0 bis-DNPU Sk (FH &,
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Fig.2. Reversed-phase HPLC/ESI-MS profiles of the phosphatidylglycerols in Pseudomonas fluorescens 1AM 12001.

A, total ion chromatogram (TIC) ;
Source CID energy, 40%.

B, mass spectra averaged over the peak 7 between 22.3 and 23.1 min on the TIC.
Other MS conditions as given in text.
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Table 2 Molecular species composition of phosphatidylglycerols from Pseudomonas fluorescens IAM12001 obtained

by HPLC/ESI-MS and HPLL/UV.

Peak area%

[M-H]~ Molecular species
Peak no.® ECN® RRT® (m/z) sn-1/sn-2 HPLC/ESI-MS® HPLC/UV®
l 30 0.79 719.5 16:0/16: 1 3.1 33
2 30 0.81 7455 8:1/16:1 49 42
3 32 0.91 7455 cyl7:0/cyl7:0" 4.8 4.6
4 31 1.00 7335 16:0/cyl7:0 270 437
5 31 1.04 759.5 18: 1/cyl7:0 26.5 19.7
6 31 1.09 759.5 — 0.5 1.2
7 32 113 747.5 16:0/18: 1 19.1 14.5
8 32 1.24 747.5 17:0/cy17:0 19 1.8
9 32 1.37 773.5 cyl9:0/cyl7:0 42 24
10 33 1.33 761.5 16:0/cyl9:0 7.9 4.6

a) Peak numbers correspond to those in Fig. 3A.

b) Equivalent carbon number=total acyl carbon number —2 x number of double bonds. ECN values of cy 17:0

and cyl9 : 0 are taken as equivalent to those of 17: 1
¢) Retention times relative to 16:0/cyl17:0. d) [M-H]~

and 19: 1, respectively.
ions of phosphatidylglycerols.

e) UV detection of the bis (3,5-dinitrophenylurethane) derivatives of phosphatidylglycerols. For HPLC conditions,

see Ishioka et al. (2003).
f) cy, cyclopropane.
g) —, not determined.

S

Table 3 Product ion intensities of phosphatidylglycerols in Pseudomonas fluorescens TAM 12001 obtaind by HPLC/ESI-MS.

Product ion intensity (%)”

Molecular species [M-H}~-

Peak no. sn-1/sn-2 (m/z) [M-R,CO}~ [M-R,CO]- [M-H-R,COOH}" [M-H-R,COOH]~ [R,CO0}-  [R,CO0]}-
I 16:0/16: 1 719.5 ) 5.7 28 4.2 —_— 34
2 1§:1/16: 1 745.5 — 8.0 34 4.4 1.3 43
3 cyl7:0/cyl7 00 7455 — 8.7 — 12.4 — 75
4 16:0/cyt7:0 73335 — 6.3 28 50 — 10.9
5 18:1/cyl7:0 759.5 — 5.7 27 3.8 14 8.0
6 ND® 759.5 — —_— — — —
7 16:0/18: 1 74735 — 5.0 39 42 1.3 36
8 17:0/cyi7:0 7475 — 34 — 30 — 30
9 eyl9:0/cyl7:0 7735 1.2 47 1.6 29 — 20

10 16:0/cy19:0 761.5 — 30 22 5 - 1.2

a) Peak numbers correspond to those in Fig. 2A.

b) Product ion intensities relative to base peak [M-H]~ (100%). R, and R, refer to fatty acids on the sn-1 and sn-2 positions,

respectively.
c) —, not observed.
d) cy. cyclopropane.
e} ND, not determined.

HA I bis-DNPU FBA & LR THESET L7223, i
BERSHIEH 50 S¥EHE & iz o ESI-MS 21 & » C& ST
ORSRUIENTE B 215 S 2 7001, A4 Y FICE
£ (source CID energy, 40%) #FIILCT7 27 AT —
yay%ﬁotof@m ét I DEAF Y ARY b
NSk, [M-H]- Of b AL T (R—=AE—7)
@ﬂ,k,[NPRCO],[M4+RCOOH]‘&ZX[RCOOT
DTaYy M A rhBERENT, s 7Y S
DM T Y NVEEDRESNITE (sn-1 A7 F 7o iE sn-2 D)
Wl oTHRZY, sn-20007 Y VEEN sn-1 D ZF LD

b BB Lo ER DR S 7z (Table 3), 37 %, sn-
2HRED T v VEHSRD [M-R,CO]- i —7 6 #< T
NTOE—7 oI, sn-l{lkd M-
R,CO}- 3 — 9®ﬁfﬁfén#(u@3ﬁbﬁwm
[M-R,CO]->[M-R,CO]~ T H-7), FAHEEIZ, [M-H-
RCOOH]- & [RCOO]~ iz oW T sn-1{L kD b sn-2
RIFSEDA A o hSE M E Nz, IR DR, S, &
Ta sy N A& v OGRS O AR L TE
0, sn-2 I DAEHTEED sn-1 LD Z L D HHHEEL L 3w
ZEMEHS M ER ST, T, IheDA 4 v EFRL



FEIfie] « A50HG -

Pseucomonas fluorescens V) > g 430> HPLC/MS

016+ 14
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Fig.3 Mass chromatograms representing [M-H]~ ions of the major molecular species of phosphatidylglycerols in

Pseudomonas fluorescens 1AM12001 m/z={M-H]-+0.5

T, HPLC THHEELIZIZ E A X T RTOSFRES 7 3 ovEk
DREEMEEASOTHET S I EBFRETH -T2, X
W, TIC 1T 223~231 S L e € — 27 7T 05T,
mf/z 7476 [M-H]~ & 18: 13k ® m/z 4836 ([M-
R,COJ)-), m/z 4655 ((M-H-R,COOH]-), m/z 281.7
([R,COO]") BtF 16:0f13ED m/z 5094 ([M-R,CO]-),
m/z 4915 ([M-H-R,COOH]"), m/z 2555 ([R,CO0]")
S sn-1-16:0/sn-2-18 . | L[EE & 7z (Fig 2B), fiod
E—7 DWW T ERRO LTI Uz, f89FREdcft
1% L& ENBBE—27 6120w TiE [M-H]- ZE=
SNz b DO, BRYs7udy N F U idmEEhnd, 4
FHOFEICEES Loz, EcoliffEgEnNsy
O 7aoNEE (eyl7:0 Btfeyl9:0) 1, PG 4Feha) sn-2
FCJRTET 2 2 EBEE (R AR Y 28—+ A2) OITEE
BUAFET 2 HEC L > THMIZENTWS (Kito et
al., 1974), KEFFETIE, P. fluorescens PG HaDy 7 u 7o
N sn-2 (LICTERE S B 2 & % HPLC/ESI-MS % H
WTHS T LTz, fIDE— 271220 T b FIRED TR
WLitg, ~A7a~x 0274 —lk > TRFIRED D
EER L7z (Fig 3), #2138, m/z 747.5+05
; PORMBRT A EICE D, HFRO%L
V2R (=27 T E—7 8) BESNIzH (Fig 3), =
o ERUIARICL T, RN sn-1-16:0/sn-2-
18: 1, sn-1-17:0/sn-2-cyl7:0 L LCEBFES NI b DTH
%

(e}

SFIEHERL

TR AR NI T T 4= 5 KD Iz P fluorescens
IAMI2001 PG D7> FHEAERL (2 — 27 %) % Table 212
AT ERSTHE (sn-1/sn-2) 12 16:0/cyl7:0 (27.0%),
18:1/cyl7:0 (26.3%) F 17 16:0/18:1 (19.1%) T H -7,
Fang & (2000) X, Pseudomonas 3 #k (P. putida mt-2, P.
putida F1, P. mendocina KR1) OV > 8& (PG & PE®
EEY) %3k HPLC/ESI-MS T4#7 L, TIC ET 4~6
DY —2 218 T 025, RS SEOISHHERA AT
FETHHT LTz P fluorescens L K& By, vy v 7ross
U (cylT: 0B Weyl9:0) & cis—N2 & > 8 (18: In-7)
DHEERBFLHEI N TWRVL, 65T, SRS AR5
TR EEL D,

YAZAR NI T T 4= Ko TE SN FREEE
& UV #EH HPLC (HPLC/UV) TS hi-fl & L R
{—E L7z T emd (Table2), KRBFZETHEA L7z HPLC/
ESI-MS IS FRORIEIE» D TR <, fHlkEke 25
HRELTHENTHLEEZOND, LhL, SEFEOE
W 16:0/cyl7:0Tlx, MSHH (268%) M F» UV ki
(43.7%) LD b DR fEER LI DT, HPLC/ESI-
MS THI &R 2856, BROWRE & ©— 2 HROMHBII
DNT, SEFEICHET ALENH D EEZ NS,
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Table 4 Posiitional distribution of fatty acids in pos-
phatidylglycerol molecules of Pseudomonas fluore-
scens (mol%).

sn-14sn-2

Fatty acid sn-18 sn=20 AP B9
16:0 66.9 — 335 26.8
16:1 , —_ 7.6 3.8 9.9
[7:0 1.8 - 0.9 0.7
cyl7:0 4.7 73.1 389 330
18:1 24.1 14.7 19.4 236
cyl9:0 24 4.7 3.6 29

a) Calculated from the data of HPLC/UYV in Table 2.
b) (sn-1+s5n-2)/2.
c) Data from Table [.
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B bH ) IZ
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