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Analysis of Algal Phosphatidylglycerols by Chiral Phase
High-Performance Liquid Chromatography

Rina SATo, Hironori FunsHMA and Yutaka ITABASHI

Abstract

An application of chiral phase high-performance liquid chromatography (HPLC) for determination of the
stereochemical configuration of algal phosphatidylglycerols (PG) is described. For this purpose PG were isolated
from the total lipid extracts from the green algae, Enteromorpha sp. and Chlorella vulgaris, and the raphidophyte
alga, Heterosigma akashiwo, by preparative thin-layer chromatography, and then converted to their bis(3, 5-
dinitrophenylurethane) derivatives. The derivatives were separated on two chiral phases of opposite configuration,
(R)- and (S)-1-(1-naphthyl) ethylamine polymers, which caused a reversal in the elution order of enantiomeric and
diastereomeric PG. PG from leaves of spinach, radish, parsley, and green tea were also examined to compare with
the algal ones. The results clearly showed that all of the PG examined consisted of single 1, 2-diacyl-sn-glycero-3-
phospho-1’-sn-glycerol (R, S configuration). The present study demonstrates that chiral phase HPLC provides an
accurate, sensitive, and unambiguous information about the configuration of algal PG.

Key words : Phosphatidylglycerol, Diastereomer, Enteromorpha sp., Chlorella vulgaris, Heterosigma akashiwo,

Spinach, Parsley, Green tea, Chiral phase HPLC, 3, 5-Dinitrophenylurethane

i L & 2

KA T77FIONVTY wu—n (PG) MK 2 HEK T
30 VIEED—DoTH D, BROEYHBFCAOREIZ
FERSE LTLL AT S (Hostetler, 1982), YT,
EGEAEErFS a4 FEESIN5BIEED 10~15%
ZHDTBY, ZOHFEE GFR JERETCEE
T2 rEZLENTWS (Murata, 1983 ; K7E, 1992),

PG BAFHcF Ik 2 0FT 5D T, 4EDIE
Fitka3E 2z 53, Benson and Miyano (1961) i, C*
CHESR U 7> Chlorella D PG 5 7'V &) Vg% HH
L, ZheFEH D, L-RUDL-7V L) VEBERAL
TERLL, ZhZhOBEHEENE 2 RIHER, Chio-
rella PG oFBL7-7 V) VBB D- /i -7 Y &
Y UEERERREL CERLULESRIE L b2 50% OBEHE
HEERLIZOICNRLT, DL-Z7Y &) VERRELTTE
FPEERIZARIZZ IR EZFLTHE I EE2ED,
ZDZ ks, Chlorella PGpoBoniz2207 Y &Y
VEBBIETEWIEGRERICH S Z LIk, ED
#, Harverkate and van Deenen (1965) Xk Vv >V o O
THEPGICKAKY —Y¥ CRUD 22X THES

NIZIASEY 233 5 2 EiC & o T, ToD PG O
1,227 ¥ n-sn-2 ) 2 a-3- R AR-1-sn-7" Y Lo —i
(R, S BCB, Fig. 1A) LHSE LTz, FkOBEREIC LY,
EVHFEPG OEED R SEETHH ZLPHESLIZX
72 (Op den Kamp et al., 1968 ; Ruettinger and Brewer,
1978 ; Hostetler, 1982), LU i35, Zh & OBFEICHEH
TR PG MY 5 TT0 PG OREERHEE T 51
BURLOTHY, £1-R8AK ) —¥ CRUDIEE
WL TRERMBEBESEE RSBV I L5, FAPG
Z R, S ADHBONEREEHIRET 2355, Tz
B U IS 2 ERICIRET 5 Z L BBL LW EEZ S
s,

Itabashi and Kuksis (1997) RUMES (1998, 1999) i,
EX (3,5-Y=trurz= Ly y) FEECERLE
PG D 4D DIMBEEMEEE (R)- RV (S)-1-(1-F7 F )
IFNT I REEME T2 HPLC 2 v T BEFIC o8
TAEERAERLL, IhEEEOEYHER PG DL
HREDMTTEBA LTz, ZORR, KIBE PG Fichek
HoNTWRW L,2-Y 7 ¥ -sn-7" ) &£ 1-3-FK A K-3-sn-
7Y xu—) (R R EE, Fig. 1B) B3 IR EET 3 Z
EVEES IR 5T, 2D I i, F TV HPLC B35Ek

D JLHRERFE R ER R R Y B IR LR
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Fig. 1. Structures of diastereomeric phosphatidylglycer-

ols.

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).

ORERZ AL D bEElIC PG OS2 IRETE 3
ZEERLTNVE,

APFE T, ABEYIRR PG OB 7% <, Ik
BEIZ DV T B U 7R 2 H i CR O 1 MO
BHIICTERNWI Ehd, 70 HPLC 2RI
K UGHIERER PG O EEE2HO»ICT 2 2 L 2R A
720

XRB HE

Chlorella vulgaris (NIES-227) & Heterosigma akashiwo

(NIES4) % 2L o> C 55t R OF £/2 553 % Fiv> THREE 4,000
lux, BEESY 4 27 ) 12L-12D, JREE 20°C TR L, &5
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SRR & 72 P E OBRME 2 E 008 (1,500 g) L CEIY
L 7> (Terasaki and Itabashi, 2002), f#%= 74 /Y (Enter-
omorpha sp. Bzff) LEEMEY) (kv Yy, e,
AR UER) OBGEETHNORERECEA LR, X
FEEHk Y ~ B (Sigma$, TypeIX) &k h 3 PG %
% 7 )V HPLC MR DS L LA L7z (Itabashi  and
Kuksis, 1997),

PG R

o 5 Bligh-Dyer 3 (Bligh and Dyer, 1959) % T
FEE =M Lz, Gohi-BiEE»ro8E7u~ T
74— (TLC) 2k V) PG Bl 7-, TLCH (Merck &
S U A% N HF,, 20X20cm, EX 05mm) XFEHAFNIC
110~120°C ¢ | BEIEMAL L CHER LT, VED 7 ook
VAR RIEE #30mg) % TLCHIZ /> ik
WARY MU, 7Ok A/ X% ) — /B (70:
30:8, by vol) ZHWTERL ., EEZHK, 2,7-Y7un
TINFVEAL UL /BT (02%) »EEL TE4
FTPG R2RIEL (RF075), Zauak/VA/ A% ) —n/
BEEg (20:10: 1, by vol) ZRWTEIIL 7z, 57z PG
2EE TLC THHL T, B—ARy b THD 2 & 2R
L7zo

LS MDA E 5L HPLC 245

PGOER (B,5-Y=ruarz=Nwvryy) HHED
S8l L £ 7 v HPLC 43#tiX, Itabashi and Kuksis (1997)
DOFEIZE L TITo%. PG (@ 1mg) 2BEIL 1
mhZER LT, 3.5V =2 bhadzm A4 VY7 R—F
(FEesatrer 7 —8) 2 Smg iz CEREL, Zhic
BEREY YR30 uMET30C T IR (800
pm) LB SRIGE®, £RLI:PGOER (3,5-V=
tezz=Avvy ) FEik, TLC (10%HEE7 >~ €
S ASEY V) ANV HF,, ; BHER: Juokir s/
AF 7 —/7K, 40:10:1 by vol) ZRWTHEEL 7.

TV UEBEEADIMNCIE, BEEID LC6A R 7L
R)-K (S»1-(1-FT7FN) TFNTIVEFINLEL
75— T 22OH 75 (YMCE A-KO3 B 1* A-LO3,
250X 4.6 mm id) BHEAL, BEIHE @DEME TEN
HPLC FiBE) X, n~FVv/Vraaxy /2%
=/ P 7 A afEEE (60:20:20:02, by vol ; FiEt 1
ml/min) AL, 10C OH 5 LARETHFT LIz, RE%
YruuAy v icERL (Img/ml), £0O5ul%
Rheodyne 8 Model 71254 > Yz 7 ¥ —2HWTH T A
WWHEAL, EHLUES % 254nm (5SS SPD-6A B
] TE=F—LUTz
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Fig.212, AK03 #Z L EHWT/sNTA /Y, C
vulgaris R U8 H. akashiwo 113 PG ® HPLC 7 a < /"5
LAEKRBE PG DZh & B L TR, BROKEBHE PG
Tk, RREE R SHIEHAD x> H I (Fig
D), 7A /Y, C vulgaris R} H. akashiwo TiZ R, R {&
OEHERRT (IS4 tE—2 BBEEhT, RS &
DE—2 (20431 DABEbIT, Fig 312, A-K0O3 &
HONBERBEET S A LB 2 ARERLTESNT
B—REDr7u~ b 77 4%8RT, 20O AL3 BT L%E
H+2k, PGOYT7AFLA~v— (RS k& R R
ik A-K03 % 5 ATELNAIER LHICEHT 5 2 L4
5 Tw3 (ltabashi and Kuksis, 1997 ; #t&S 1999), &
WEeTh, Y7 AT LvA—OEHRIEESEL 2
(Fig. 2D & U Fig. 3D), wFhpza< v 77495 b, R
S OB (1550 KHE—0HY x> RE—7
PR & N7z AS, R RABEOEHEE (20 43fhHh) cE—7
BEIH S o7z (Fig 3A-3C), L7zdd-> T, YMHARE
DR BWH T LEBWTESNIGHORKRIE, 74/
Y, C vulgaris R U* H. akashiwo @ PG DII{AREEIX R, S
BETHY, RRERFEELZWVWI LEHBECTLTY
%,

ERELE LU ERALLERKBEPG LD 7 /Y, C
vulgaris 20 H. akashiwo PG D ¥ — 7 IBWLDIE, i
5 PG 28 TEIFIE DA % £ 2 5WORENER D 5 #EK
T3 EEZSND, & C vulgaris O PG 13X
4 Ay y v 20:503) R AYFAFH L UB
(22:6n-3) 2 ¥ ORETNIBHRESH Lz v, Cl6
t CI18 DX DRI UTBINIIER R 2% S EA TV %
(Arisz &, 2000; Thompson, 1996; Xu and Siegenthaler,
1996), %7z, H. akashivo D PG (Y H 57 b NI TNV
7Y ku—)EEte) 1id 20: 5n-3 HSLAREEE T 21%,
2:6n308 3% SN TS (Bell 5,1997), ZhBRHE
e _ERABORL S 2EOBHROEAEDRITL -
TSRS NR L 2720, E—27EBEN-12 0, 5
MicoEEahazboZELONS,

Fig. 4 x(* Fig. 512, A-KO3 45 A% THBONIE
EHEY RV Yy, 5k, 8K, KiR) OFE» S55HE
L7: PG ® HPLC 7 u < k75 A %R T, B OKIGH
PG R 2 B U - F5R, BE PG LRRCKR 7V
vV, Nk, #FEMGSIE R REDE-27IEREZN
3, R, S RO AHBEH I NI KIREIX R SOE—27 D
iz 12505 BRI/ R -7 BREI N2
(Fig. 5B), A-L03 # 5 A% O THAM LI HESR, R SHD
v — 7 RS HIEFELSEE LT IS HMhTicRE & iz D
LT, R REOEHFE 204510 -7 id#Ebh
BhpolZ bdd (Zaw 7T A3EK), KIBEPG b
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Fig. 2. Chiral phase HPLC profiles of the bis(3,5-

dinitrophenylurethane) derivatives of phosphatidylg-
lycerols from Enteromorpha sp. (A), Chlorella vulgaris
(B), Heterosigma akashiwo (C), and of standard phos-
phatidylglycerols from Escherichia coli (D) on a col-
umn containing (R)-1-(1-naphthyl)ethylamine polymer
(A-K03, 25cmXx4.6 mm id.; YMC, Kyoto, Japan).
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,
n-hexane/dichloromethane/methanol/trifluoroacetic
acid (60:20:20:0.2, by vol). Detection: 254 nm.
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5 10 15 20

dinitrophenylurethane) derivatives of phosphatidylg-
lycerols from Enteromorpha sp. (A), Chlorella vulgaris
(B), Heterosigma akashiwo (C), and of standard phos-
phatidylglycerols from Escherichia coli (D) on a col-
umn containing (.5)-1-(1-naphthyl)ethylamine polymer
(A-L03, 25cmX4.6 mm id.; YMC). Other HPLC
conditions and abbreviations as given in Fig. 2.

25 (min)
Fig. 3. Chiral phase HPLC profiles of the bis (3,5-
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sn-3,5n-1" (R,S)

| sn-3,5n-1° R,S)
{ sn-3,sn-1’ (R,S)
sn-3,5n-3’
(R.R)

5 10 15 20 25 (min)

Fig. 4. Chiral phase HPLC profiles of the bis (3, 5-

dinitrophenylurethane) derivatives of phosphatidylg-
lycerols from spinach leaves (A) and parsley leaves
(B), and of standard phosphatidylglycerols from Es-
cherichia coli (D) on a column containing (R)-1-(1-
naphthyl) ethylamine polymer. HPLC conditions and
abbreviations as given in Fig. 2.
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Fig. 5. Chiral phase HPLC profiles of the bis (3, 5-dinitro-
phenylurethane) derivatives of phosphatidylglycerols
from green tea leaves (A) and radish leaves (B), and
of standard phosphatidylglycerols from Escherichia coli
(D) on a column containing (R)-1-(1-naphthyl)eth-
ylamine polymer. HPLC conditions and abbrevia-
tions as given in Fig. 2.

OFB L FRkIC R SHEOATH S Z L BRI NI,
12~13 B LT R RE RO TH Y, TLC
TORBDBTTGThoTebEZ oD, "y VY UE
D PG %, FAFRTHONIEREEMKC, R STETH
L EMEBRECI VBRI IzEN T D (Haver-
kate and Van Deenen, 1965), #DfthdOZEHE PG OI{hRE

BRAMRCB IO TRERS W bDOTH 5,

i 3=104

PG DEGHRIZODWTE, YFYv 5V vE (CDP)-
IF7vNTY)ra—)k sn-ZYxu—n 3) Vo E
BT 2B EANVIFIEY RAT7FINT ) &
a—) HpSHKAKRYN—¥ D (PLD) OFEFHIC X - T4
BT RS HIS Ty 5 (Hostetler, 1982), 245 DK
B E-oTHEETE PG R SETHY, ERREXR
T &7k PG OAHE & —B T %, 72, PLD O
S 2R R 7 7 FYNBEEBRIGKE & - CHlfgEO T E
WY VBB CHERATrFONVAY » (2R X
T7FINVIY /) —=NVT V) 7)) ka—idhs PGH
ERT 2R LIRS, ZOBEBRIGIE &> TER
T5PGIERSLERRODERREEYCHZ -bRT
W5 (Yang 5, 1967; Joutti and Renkonen, 1976), —75,
KEEH»S R R WEDO PG REHa NI 25, FAE
B2 R RIBEREEHRT 2 RAOBROEET L2 L H
AR ENTWS (Itabashi and Kuksis, 1997), ik % T
7A /U, C ovugaris Btr H. akashiwvo @ PG OII{ERSE
BOMUTEEER, Wiy R SHTHD, R R X
NighrolzZ e s, HREUVEHED PG & F v YR
YOBEMEYO PG LEREIC CDP-Y 7y V7Y v u—
Esn-Z)u—3) VEBhOERENDBDEEZS
na,

5 b Y I

AR TIEF v HPLC 2 FHWwC, 1, SR OE
FEYEESK PG OIS 2T LT, ZOREE, vy
ROBEO PG I b RBE,LSRHEINT WS R REZEIX
FEET, R SROH0OBRENTHE I EHHLNE
olze ¥ 0 HPLC 2F\ 2% PG ORESFHRIL, ek
ORERDOIAEEM 2+ 2 Mg Hk X Y IEFET
BELRL, BELEMTH S Z Lo, KEEYH® PG
DIABREE DI R ESROMRIC L BRATE 3 L#E X
5hb,

FHEO—-HiTREHEERIS GBI B 13460088)
i oTfrbitlz,

X B

Arisz, S.A., van Himbergen, J.A.J., Musgrave, A., van den
Ende, H., and Munnik, T. (2000). Polar glycerolipids of
Chlamydomonas moewusii. Phytochemistry, 53, 265-
270.

Benson, A.A. and Miyano, M. (1961). The phosphatidylg-
lycerol and sulpholipid of plants: asymmetry of the
glycerol moiety. Biochem. J., 81, 31 p.

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



K K E & %

Bell, M.V, Dick, JR., and Pond, D.W. (1997).
Octadecapentaenoic acid in a raphidophyte alga, Heter-
osigma Akashiwo. Phytochemistry, 45, 303-306.

Haverkate, F. and Van Deenen, L.LM. (1965). Isolation
and chemical characterization of phosphatidyl glycerol
from spinach leaves. Biochim. Biophys. Acta, 106, 78-92.

Hostetler, K.Y. (1982). Polyglycerophospholipids : phos-
phatidylglycerol, diphosphatidylglycerol and bis
(monoacylglycero) phosphate. pp. 215-261, Hawthorne,
JN.,, and Ansell, G.B. (Eds.), Phospholipids, Elsevier
Biochemical 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. Anal Biochem.,
254, 49-56.

X & - A Kuksis (1998). % 5 & HPLC/ESI/MS iz
EBRAT 7 FONTY v a— VOIAEIEOBRE, I8
B4 b2Eptge, 40, 175-177.

B B - (CHEE - BEEAAE - Arnis Kuksis (1999). ¥
7V HPLC/ESI/MS I2 X 2 B8t ) > HR B O #EMRAT.
Chromatography, 20, 368-371.

Joutti, A., and Renkonen, O. (1976). The structure of
phosphatidyl glycerol prepared by phospholipase D-
catalyzed transphosphatidylation from egg lecithin and
glycerol. Chem. Phys. Lipids, 17, 264-266.

Murata, N. (1983). Molecular species composition of
phosphatidylglycerols from  chilling-resistant plants.

54(1/2), 2003.

Plant & Cell Physiol. 24, 81-86.

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

REGIESR (1992). BRERR 7 7 F 907 ) 2u—nD
YAB LU T AR, 162 & £, 30,211-213,

Ruettinger, R.T. and Brewer, G.J. (1978). Stereo-
configuration of phosphatidylglycerol in the membrane of
bacteriophage PM2 and in its host, Pseudomonas BAL-
31. Biochem. Biopyhs. Acta, 529, 181-185.

Terasaki, M. and Itabashi, Y. (2002). Free fatty acid level
and galactolipase activity in a red tide flagellate
Chattonella marina (Raphidohyceae). J. Oleo Sci., 51,
1-6.

Thompson Jr, G.A. (1996). Lipids and membrane func-
tion in green algae. Biochim. Biophys. Acta, 1302, 17-45.

Xu Y., and Siegenthaler P-A. (1996). Phosphatidylglycer-
ol molecular species of photosynthetic membranes anal-
yzed by high-performance liquid chromatography : theo-
retical considerations. Lipids, 31, 223-229.

Yang, S.F., Freer, S.,, and Benson, A.A. (1967). Trans-
phosphatidylation by phospholipase D. J. Biol Chem.,
242, 477-484.

Yu, C-H, Liu, S-Y, and Panagia, V. (1996). The trans-
phosphatidylation activity of phospholipase D. Mol
Cell. Biochem., 157, 101-105.



	0007.tif
	0008.tif
	0009.tif
	0010.tif
	0011.tif
	0012.tif

