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

Yukako Taoka and Yutaka ITABASHI

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). For this purpose, the Gram negative bacterium Pseudomonas fluorescens
IAMI12001 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 (25cm X 4.6 mm i.d., 5 gm 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 addition to a prominent deprotonated [M-H]~
molecule. The three product ions derived from a fatty acid at the sn-2 position showed greater intensities than
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 (cy17:0), 18:1/cyl7:0 and 16:0/18: 1,
of which the sum occupied about 73% of total PG.

Key words : Phosphatidylglycerol, Molecular species, Acyl position, Pseudomonas fluorescens, Reversed-phase

HPLC, Electrospray ionization mass spectrometry
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KA77FVNVT ) u— (PG) ZRATZT7F VN
ITH¥ /N7 3y (PE) RANYAFY)EY (CL) iz
RAEEZEBR T 2 FERERS TH Y, HEOEF I
REBENRRL T2 (Shibuya, 1992 ; @i, 1993), 0D
# 3% 13 1, 2-diacyl-sn-glycero-3-phospho-1"- sn-glycerol
(R, SHEIE) ThH5Z EDBH SN TWw 3D (Hostetler,
1982), IRifT, Pseudomonas /X KIBHE I CE2 OME D
PGHIZY TP AT VA —D—DTHh 5 1,2-diacyl-sn-
glycero-3-phospho-3'-sn-glycerol (R, RECE) »AEFLE
TAHIENHASHIZZIN TS (Itabashi and  Kuksis,
1997; BEE &, 2004; THEF S 2004), WEMEEOBEER %
Fig LIZRT, IhoEMEOBEOERICODWTIZET
S, NTWiRLDS, R REMED R, S BitELE
B, 7YVEDRRLZEZBOSFEL OBRINTE
D, HENTESE I LEZLNLTWD (BES,
2004 ; FEEF & 2004), HIBEILEE S & CBRBOE LI #E
W53 % 72 D R E OBSIRAEER, 3 7%b b4 TRl

2z THEOREM 2R T2 L3 XA NTVE (L
K, 1993), Liz#3- T, PG oFREEEEAEIHERORESNAL
BEE2EDTHLPIIT 3 2 L ZMEOBRERT 2T 2
FTEETH S,

Balt, =V 7 b Sv—4 F LB ESEE (ESI-
MS) % v PG % HEE CRBIC AT 2 Hik
PRI N T W5, 0% <L, MEDHEY VIgE % EHE
% 721334 HPLC 2 RWToT L, BfED ) VBB 7 5 X
(PG, PE, CL %2 ¥) 2538 LT, BIEE 7 7 ADHTER
ESIMS CRIZET 55D THY (Fang and Barcelona,
1998 ; Fang &, 2000; Hsu and Turk, 2001 ; Mazzella &,
2004), B VEEESFOMGERSTEE E L QEHI R T
2, LpLEWS, BB FALEZIRE 7 7 ARHERT
SFEZ—EO HPLC TRIFICABET 2 DIFHEL {, ©—
JHEIOER DB UL LIFEE SN S (Fang and Barcelona,
1998 ; Fang &, 2000; Mazzella &, 2004), Z D Z & i3I,
HPLC iz MS 28tH L T b, DEBRS BRI O S
MBSO THFEEERBCRIET 2 I L RR#THE
LERRNET L, Lich-T, BELSFESTEENE T

Y ALEERFARFBOKERER R A& R LR

(Laboratory of Bioresources Chemistry, Graduate School of Fisheries Sciences, Hokkaido University)
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Fig. 1 Structures of bacterial phosphatidylglycerols.
Left panel, 1, 2-diacyl-sn-glycero-3-phospho-1’-sn-glycerol (R, S configuration) ;
Right panel, 1, 2-diacyl-sn-glycero-3-phospho-3'-sn-glycerol (R, R configuration).

258, b5 L PG REE 7 v~ 757 4 — (TLO)
FOFEERAWTREE» S8 L 2%, ¥H HPLC T
Bz OSFREZAD xS WHHT 2 2 EBBRETHEL EE
Zohd,

EEo IR, PCGHFFO2ODE FuFy s
35-V=—tru 7z Ly (bissDNPU) I2EHL /-
#%, Wi HPLC/ESI-MS % f\» T4 PR O 350 %2 81
SICT BREEHRE L (BS, 2003), ZOFEEE(L
®iE UVERE 254mm) 2’FJRETH 2 - OEEMCENT
BY, £/, PG OIEEMEEE * 7 HPLC T4HEET %
ETHERERTH- 7> (Itabashi and Kuksis, 1997), L
Ldt s, SIEEMERRXAIL LnwTas Pl R %

&, BEAORMILNTLIDLETRWEEZLNSZ
L0 5,FE ST PG ZEEYTH HPLC/ESI-MS T4 L
THTEHEEREHO»ICT 5 Z L 2RA T2, ZORE, Hi
WTRABGE PG » 50T 23S EBHL, 2055 F
By 5T OWTIE, BREIREOESME (sn-1
fiie sn-20) GO THET S I LB TEL (HES,
2004), AERTIE, T OEEEEKBE PG & idsFHEMHR
DRIz 2 Pseudomonas fluorescens PG Iz L TR
DWTEET 5,

= B F &
HE L PG OHEt

Pseudomonas  fluorescens 1AMI2001 % B-1 5Zi#hr ¢,
25°C T T2 WSS L7218, &5 (8000 rpm, 20 min)
WE->TER L, SEAEKTHREIRS L -EEL S
Bligh-Dyer ¥ (Bligh and Dyer, 1959) % B\ THAISE %Hh
HU, ZOH 10mg (DEO 7 oo RVAICER 2H#E
sav b 7574 —{3 V) h5)N 60F,, (Merck &), &)
fM: 7o Rnvb-X5 7 —-K, 65:25:4 (v/v/v)} ot
Uiz, BB, 2,7-YZ7au7ntred v-28 /—)
B (02%) 2"BHE L TEIIBRTTPGERE L (R,
024), 7o R Ah-X¥ ) —N-KefE (20:10: 1, by vol)
ERWTY YA oMH LT (RS, 2003),

%if HPLC/ESI-MS

ODS % 2 2 (Mightysil RP-18, 250X 4.6 mm id., 5 gm,
B LFRY) % P4000 K> (Finnigan ) igl, 4
HHRE % CTO-10AS R (BEE) 2HWT20CRE
LTz BEMECIZ R 7 ) — 0 -7K-29% 7 E=T7 K (94:6:
0.1, v/v/v) ORWEEHER L7z, HEIZ 05ml/min & L, A
VI IT 4w JEBEECH LT, BEHO XY /- k
7kix HPLC F (FEMEE TR 2w, 29% 7 €=
AIFFERE BRI FER) 2R L - BEERRTIL, #
FA i 42 045 um ¢ PTFE 7 4 v # — (Millipore ) % H
WTHERL 7z,

PG % 100 ug/ml DIEF 2B X DAY )~ NIHEE
L, #A—bA Y =7 % — (AS3000, Finnigan ) % v
T, TD3~S5ul AT LWCFEALI, MSIZIE, A4 b
7 v 7RE B4 HrEH LCQ (Finnigan ) AL, fn#k
Fr 5 —BE 260C, A 7L —BF 42KV, ¥ —ZH R
(885%) JiE 80arb (arbitrary units), #EEHA A (Y 7 4)
W& 30arb, ¥ ¥ €7 ) —BE-38V, Fa—TV U XF 7
Y b =100V R OEZEFHLERE T 2 V¥ — (source CID
energy) % 40% W EL, BA A VA7 PVERELR
(EE#H 150~1,000 amu) (HF S, 2004),

UV & HPLC (HPLC/UV)

UV #1548 HPLC (HPLC/UV) 2 & b, PGH#E ik
(bis-DNPU) O 53 FRESH 2 1To 72, FHHE R Itabashi
and Kuksis (1997) OFHFERE-> CTHRBL 72, HPLC K>
2 L-6000 K> (H$) 2L, BEfEiR
HPLC/ESI-MS 534 & [FIkgIz, X5 2 —N-7k-29% 7 €
=7k (94:6:0.1,v/v/v) ZFERL, FHEiZ 0.5 ml/min @
AV I ZT 4y 7 EBETHI LT, #8% 1 mg/ml DB
B2 X0ZAY /—VIZBEL, FO5ul % 71258
4 >Yx227%— (Rheodyne ) ZWTH I AWCHEAL
7z TRHIES 121X L-4000 (HI78D) 26EHL, BHES %
254nm TE=Y — LTz, 70 NS ADERCIZ I o
Fo%y 7 C-ROA (BEE) ZERAL,
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Tabl . .. :
T etidylaenrcs o Poeudomonas BRCES
fluorescens 1AM12001 (wt%)® BERABsHARS
Fatty acid? P. fluorescence G 4547 L 72 P. fluorescens TAMI12001 £ D PG D
14: 0 0.5 BlABEMERR % Table 1 IX/Rd, AFHICY 7 u VR
15: 0 0.5 BRDYR-9,10- X F L AFH T A2 (cylT:0) H32f8
16: 0 26.8 IR 33.0% &b %<, RWT16:025268%, 18:1n-7
16: 1n-9 0.1 H3233%, Z# LT 16:1n-7239.8% % 57z, P. fluorescens
16: 1n-7 9.8 PDD3513 #:DBIEE b, Zh 5> 4Ol & R IR
17: 0 0.7 SNTWBEZEBFsRTWS (Gill 5, 1975), BITizah
17:1 02 ~2 X 31z, HPLC/ESI-MS % F\>T PG Offi% D5 F&
cyl7: 0 330 BT 2 Sl R EE T & 305, Fo PG OFSHifEAaAL
18:0 1.2 PHSMIZLTBL 2L, AFRBOREERRET 5 LT
18: In-9 0.3 BHCh o7
18: In-7 233
cyl9: 0 29 S>FES
a) GLC conditions : column, Omegawax 320 P. fluorescens 1AMI12001 £k PG D HPLC/ESI-MS &
(30mx0.32mm id.); carrier gas (He), rotBenBAA Vv 7av 7T A (TIOC)
1.2 ml/min ; column temperature, 170°C.” % Fig. 2A (0T F . BEWIZ A5/ —N-K-29% 7 > & =
b) ey, cyclopropane. 77K (94:6:0.1, v/v/v) BV Z £ T 1053 FRELSHHEE

ahic, &5 F 2 PG D bis-DNPU FHEE (FE 5,
2003) k [AI#&Eiz, ECN (equivalent carbon number) i iZ

> T ODS 7 F L S L7 (Table2), 3RO
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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) ; B, mass spectra averaged over the peak 7 between 22.3 and 23.1 min on the TIC.
Source CID energy, 40%. 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®
1 30 0.79 719.5 16:0/16: 1 3.1 33
2 30 0.1 745.5 18:1/16: 1 49 42
3 32 091 7455 cyl7:0/cyl7:09 48 46
4 3] 1.00 7335 16:0/cyl7:0 270 437
5 3l 1.04 759.5 18:1/cyl7:0 26.5 19.7
6 31 1.09 759.5 —® 0.5 12
7 32 115 7475 16:0/18: 1 19.1 145
8 32 1.24 7475 17:0/cyl7:0 1.9 18
9 32 1.37 7735 cyl9:0/cyl7:0 42 24
10 33 1.53 761.5 16:0/cy19: 0 79 46

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 and 19: 1, respectively.
c) Retention times relative to 16:0/cyl7:0. d) [M-H]~ ions of phosphatidylglycerols.

¢) UV detection of the bis (3,5-dinitrophenylurethane) derivatives of phosphatidylglycerols.

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

For HPLC conditions,

Table 3 Product ion intensities of phosphatidylglycerols in Pseudomonas fluorescens 1AM 12001 obtaind by HPLC/ESI-MS.
Molecular species [M-H]- Product ion intensity (%)
Peak no.® sn-1/sn-2 (m/z)  [M-R,CO]~ [M-R,CO]- [M-H-R,COOH]-  [M-H-R,COOH]- [R,COO]-  [R,COO]-
1 16:0/16:1 719.5 —9 5.7 28 42 — 34
2 18:1/16:1 745.5 — 8.0 34 44 1.3 43
3 cyl7:0/cyl7:0? 745.5 - 8.7 — 12.4 — 7.5
4 16:0/cyl7:0 7335 — 6.3 2.8 50 — 10.9
5 18:1/cyl7:0 759.5 — 5.7 27 38 14 80
6 ND# 759.5 — — — — — —
7 16:0/18:1 7475 — 50 39 42 1.3 36
8 17:0/cyl7:0 747.5 — 34 — 30 — 3.1
9 cyl9:0/cyl7:0 7735 1.2 47 1.6 29 — 20
10 16:0/cy19:0 761.5 — 30 22 1.5 — 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.

H 53813 bis-DNPU 584k & L TEMET L7225, IBH
BRI SO S34E4E X M7z ESI-MS SMiC & - TR/ FiE
ORI BT 2 BHRERB/L /.01, /14 VRCEE
£ (source CID energy, 40%) 2HIML T 77 7 X > F—
YarETolk, TORER, FE—T7DEA L AT b
sk, [M-H]- 0B o r MAESF (R—ZAE—72)
D fiz, [M-RCO]-, [M-H-RCOOH]- & U [RCOO]-
DT 7 A X R an,, TheFas s b4
VOB T Y NVEOBEENE (sn-1 41 %7213 sn-2 1))
KEoTEZRY, sn20O7 Y VENsn-1IOFN LD

b Il U3 W ERSEED s 7z (Table 3), T 7sb b, sn-
D7 VILERFKD [M-R,COl- iE¥—27 6 2&< T
RTDOE—7 OB SN2, sn-lIlEKD [M-
R,CO]- BE—7 9DAHTHREEINT: (ZOBELHEEIR
[M-R,CO]->[M-R,CO]~ TH-7), Rz, [M-H-
RCOOH]- & [RCOO]~ oW TH sn-1fit kD b sn-2
NIHEDA A v i a iz, TNoDERPS, &
Ty s A v OEE IR O EIE E KL TE
D, sn-2fIDORERAEED sn-1 D ZFN & D bEEEL T
ZEDBHSMER SN, 0T, ThEDAF > 2FAL



HARE « A48 : Pseudomonas fluorescens V > 8’8453 FH D HPLC/MS

100

% 1. 16:0-16:1 j\t
NL:5.53E4
50 m/z=
719.0-720.0
0
100 5 3
2.18:1-18:1 NL:8.95E4
50 m/z=
3. ¢y17:0-cy17:0 745.0-746.0
0
& 100 4
-g 4. 16:0-cy17:0 NL:3.88E5
5 50 By
<l 734.0-735.0
< 0
L
.2 100
gl
2 5. 18:1-cy17:0 3 NL:3.54E5
B 50 l;ns/fo-ﬂsoo
0 H
100 ' 7
7.16:0-18:1 NL:2.22E5
50 m/z=
8.17:0-cyl17:0 8 747.0-748.0
100
9
9. cy19:0-cy17:0 NL:4.87E4
50 m/z=
N 773.0-774.0
0
100
NL:7.35E4

10. 16:0-cy19:0
50

m/z=
761.0-762.0

{1 A 15 e e I B S 2

10

20

25

Time / min

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

Pseudomonas fluorescens JAM12001 m/z=[M-H]-+0.5

T, HPLC THBEL I L A ETRTDOGFEE 7V ILVE
DREESNUBL2SD CRET S Z EBHETH o7, Bz
W&, TIC £ T 223~231 s LI ¥ —2 7 D4 FHE,
m/z 7476 [M-H]- & 18:1 g3k ® m/z 483.6 ([M-
R,CO]™), m/z 4655 ((M-H-R,COOH]-), m/z 281.7
([R,CO0]") KU 16:0HKD m/z 5094 ([M-R,CO]-),
m/z 491.5 ((M-H-R,COOH]-), m/z 2555 ([R,COO]")
5 sn-1-16:0/sn-2-18: 1 LEIE S /- (Fig. 2B), fhd
E—27 DWW T b ERO FE T L7z, $Ba-FREFICH
1% LaEEhEne—2 6220w Tid [M-H]- BEE
EhizbD0n, B 7ad 7 v 4 ri3gEsnyt, o
FHEORECRES kholz, Ecoi [BBC&ENEY Y
o uX 8 (cyl7:0 B Fcyl9:0) i, PG AFHD sn-2
R RTET 3 T L DEEE (R AK Y 28— ¥ A2) DIrikf:
BEME2FAT s HRCE > THSpIRERTWS (Kito et
al.,, 1974), FHZETIX, P. fluorescens PGy 7 v u
IRUEED sn2 fLICTELES B T & & HPLC/ESI-MS % F
WTHSHIZ LTz, D E— 271200 T b RO HE TR
WL, ~A7a<x T 9574 =2k TRECERYD
BV ERERLU (Fig.3), BlziE, m/z 74715105
([M-H]") OBEEHE*MRET L LCLD, FFEOFL
W2RRS (F—2 TEVE—7 8) BESNIA (Fig. 3), Z
noiF bERUIzAEI X-T, ZhFR sn-1-16:0/sn-2-
18:1, sn-1-17:0/sn-2-cyl7: 0 L LCRIEE N2 b DTH
%,

SFEER

v~ AZ7uax bF T 74— 5K 2P fluorescens
TAMI2001 PG O4FHEMER (E— 7 HfE%) % Table2 iz
T, ER4SFHE (sn-1/sn-2) 13 16:0/cyl7:0 (27.0%),
18:1/cyl7:0 (26.5%) B 1F16:0/18:1 (19.1%) T H -7z,
Fang & (2000) %, Pseudomonas 3 ¥k (P. putida mt-2, P.
putida F1, P. mendocina KR1) OV VIg& (PG £ PE®D
BEY) %% HPLC/ESI-MS ¢4#7L, TIC ET4~6
D —2 2ETWEH, ZhoREOFRBEERR S I3 AHHF
FETHMT LT P. fluorescens ¥ KRE L B, yruan
VI (eyl7:0 K WFeyl9:0) & cis-/N7 &2 2B (18:1n-7)
OFEFEH I TORY, 5T, FFEHR S AF%
BREERD,

TR7UR M I 74— ko> TESNI-SFEER
X UV 4 HPLC (HPLC/UV) TE5hi-{f & iR
{—EL7zZ L5 (Table2), ABFFECTHEA L/ HPLC/
ESI-MS 333 FREOBIEE» D T% <, HRERDZH
RELTOVEMTHEZEEZONS, LL, BEEROR
v 16:0/cyl7:0 T, MSHEH (26.8%) @ F UV K H
437%) £ D b V{EWE%2RLIDT, HPLC/ESI-
MS THIE 2Kk ® 2358, HRE L -7 EEOHER I
DT, SHFEHICRETT 2 LENH L EEL 6D,
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Table4 Posiitional distribution of fatty acids in pos-
phatidylglycerol molecules of Pseudomonas fluore-
scens (mol%).

sn-1+sn-2
Fatty acid sn-19  sn-2% AP B9
16:0 66.9 — 335 26.8
16:1 — 7.6 38 99
17:0 1.8 — 0.9 0.7
cyl7:0 4.7 73.1 38.9 330
18:1 24.1 14.7 19.4 23.6
cyl9:0 24 4.7 3.6 29

a) Calculated from the data of HPLC/UYV in Table 2.
b) (sn-1+sn-2)/2.
¢) Data from Table 1.

=i i wagis)

P. fluorescens PG 53FH D sn-147 & sn2 L BIT 5
KRB OALE 37 % Table 2 OAHR% » SFHEIC L D E
PR D ZEDARETH D, EEMIT ESI-MS#RH & Y
b UVBRHOABIEN TR LEZ 5NEDT, AT
i, bis-DNPU FEHE (AfE S, 2003) DR % ZEHEIC
R L7z, Tabled4 icHHEHBRE2RT, PG DOJERHERHE
B % IZETHEE A L EHE BB R L —H LI »
5, REOATHBERRTFTH S, TERHETH S 16:0
Leyl7:01%, #hFEhsn-1 L sn-2 (fLic)BFEL, 18:1
FHALE W AR M T 5 2 LR Stz €
X, V URREEEET 2 EBROMES I sn-2 D7
Y NWERRRRINTHVK S ES 5BER (RA KR Y /3—¥ A2)
ERWTRD 5T & 72 (Christie, 1982), &H5ETIE, H
HBErEY 2R 2T IIC, HPLC & MS 2w
THESMERD S LPABETH S Z L BRIz, ESI-
MS DEERELWE I WhIZ, PG 2FHEAICEHRE T
12, TE$# HPLC/ESI-MS TH#7 L TILESE 25 5 »ic
THEIELLTWRER BB EEZOND,

& b 1)

REFFECRE L7- A8k, PG 2E#EYH HPLC/ESI-
MS Tt L CHTFREHK 2 RD 2 DT, #kD PG %
NKRL 125, BEFICEBRL THRERD 3 FEEOH
B U PG 2413 3 Ak & 0 bETH 5. 554,
D& (0.5 umol BF) ORKFTAHRKS (RO FET 1%
BE) 25O CHTROFEENTRETH L Z Lo, ME
H PG O TRESTTCLS BATE 2 LEZ 5N D,
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