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Molecular species analysis of phosphatidylglycerols by reversed-phase HPLC/ESI-MS
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A facile method for the determination of molecular species of phosphatidylglycerols (1,2-dia-

cyl-sn-glycero-3-phospho-1'-sn-glycerol, PG) is described.

Intact PG isolated from spinach leaves

and Escherichia coli IAM12119 was converted into bis(3,5-dinitrophenylurethane) derivatives, fol-
lowed by reversed-phase high-performance liquid chromatography (HPLC) on an ODS column
(25 cm X 4.6 mm i.d., 5 pim particle size) using methanol/water/aqueous ammonium hydroxide
(95:5:0.10r93:7:0.1,v/v/v) as the mobile phase, which gave clear resolution of individual

molecular species containing saturated and unsaturated fatty acids.

Peaks were detected at 254

nm UV. Reversed-phase HPLC in conjunction with negative electrospray ionization mass spec-
trometry (ESI-MS) gave a weak [M+2H — bis-DNPU —RCO] "~ ion in addition to a prominent
pseudomolecular [M —H] " ion, by which individual molecular species could be identified.

Keywords : phosphatidylglycerol ; molecular species; 3,5-dinitrophenylurethane ; spinach leaves;
Escherichia coli; reversed-phase HPLC; electrospray ionization mass spectrometry.
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HhH. EEETIE, RBERAEIEDTERLIIREI SV
B, PGIZBEARE W EICEBE 2Ry -DICEEMHED
HEERAH®, MEE GEMH HPLC) THEAShZBEH
HATEREVWHEEIEShEZY, 2070, PG &L+
MNERET ZENE) VBT Eo Y AR BEMICEML
THMET M A 4 3 HPLC BSREF STz, F 72,
PG IMBICHR L2 ERELZ D L2 VDI, UVKRIET
IR R IEHE 2 LR AT I BT 5.

FEHLIIEIL, PCHFHD 220 Fux v L iks
35V b7y L ¥ Y (bis-DNPU) ICE#HL, *
F NV HPLC THMTHILIZLY, PC D 4FEONAKEM:
e BIFIZG TR L2 HE LA, £V HPLC
CTIZAEMHK PG 2R T 24 0G5 FRISES NV
DT, AHFFETIE, PG bis-DNPU FE k% ¥ HPLC ©
DAL CHFREMEZ RO B HEERE L7, ZORKE,
BEMICAY ) —V-K-T VBT KDOHEM R % E
R9aZ &2k, BMLHELETLHMAEWHK PG D
DFEHPENIHY £ 9IS R, UVKRIITIE, Bwv
EECEMICHFEMRZROL ZLATEETH L Z LR
BN, BE, TV 7 XS L—4F ALEESF
(ESI-MS) #EIZ& 5V VRE DS TSI AE RIS X
NTWwz™, KRB VT, #MH HPLC THEEX /s
18 % ® PG (bis-DNPU FHEK) 5 FHEiz 4 > 54 ~ ESI-
MSIZED, BHIFAETELZELELHLRIER-72DT
WET5.
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2.1 #H #

AR, BB PCHEEZ ORI L Y YID
¥ (HETHOBRGEICTEA) LEEZHEEOXERE
Escherichia coli IAM12119 % i\ 72, E. coli i, FE7K 1.01
WRIRTFr50g WIFR3.0gKROHEILF M) 7L
3.0g ZEM LA e T 37C T 24 BEMREEL
7ok, #.OHE (8000 rpm, 20 min) WX o THERE L7
4 5 N 7-HfkA & Bligh and Dyer 'V % Fl\v CRIEE % Hh
WL, 20— #EEK (VU 57V 60 Fesse TLC I,
20 X 20 cm, E & 0.25 mm, Merck ) 12/ FIRIZAR
vy hLTZHROKRNVL-XF ) —-K (65:25: 4,
v/v/v) ERWCTER LA, B, 27-Y7uu7ivt
LA -2 — VBl (02%) 2% L TRIMNETT
BaEBIBL, 7oukia-25 ) — L -FE (20
10: 1, v/v/v) ZHWTPG (R 0.24) % HEHD HHME
L7, Bo5NAPG%E TLCTHML, E—AKy M TH
HZLEWAL:., BBEORXARy P PEBINLBHEE,
BETLC 217> T PG HAEH L 7.
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FUYF-X257 )= VRAELRSSETRBBAF VIR F
VEIREL, Ih% GLC THOM LTI % R 7.
FHT 7 7 2121 Omegawax 820 (30 m X 0.32 mm i.d.) %
BEHL, Fx)¥Y—A2 (%) HEZ 1.2ml/min, »
7 aimE% 170C, MEFLEATRES 230C 12BEL
T, A7)y PET oI VICBBL-RABEZEAL
AR

2:3 FBRHORR

PG (#0.5mg) 12, BEED 35V = bO 7204
VYT A= EEGHEAKA MV (BEEERE, 0.5ml)
BEWEBAKE ) V> (BRALEH, sou) 22, 30T
T 3 WFHKIG &€ T bis-DNPU FEARZAB L7 (Fig.
D RISIRAEWS S TLC {3 # 4V 60 Fass TLC 4K,
20X 20 cm, E & 025 mm; BEMH, ookl a-24
J ==K (80:20:2, v/v/v)I ZH T bis-DNPU il
HEsBEL:. RVRT CHEREZRT NV F (R 0.26)
RHEREL 7, 0O RLA-RAY ) — L -EEEE (20 -
10:1, v/v/v) ZHWTYUBZ VHSHIB L.

2:4 HPLC/UV
UV #ia#4 HPLC (HPLC/UV) 12X 9, PG bis-DNPU
FEEDOGTFESHMEZITo72. ODS 5 A (Mightysil
RP-18, 250 X 4.6 mm i.d., 5pm, BHEILFEH) % 16000
A7 (HM®) CEREL, 75 L4EE% CTO-10AS H
A (BEE) 2HVT20T ICRELL. BEMHIZIEA
¥ —=NW-K-29% T YEZTKOBBEEFHL, w7 L
YV PG DOYER, FOMEE 95 :5:0.1 (v/v/v) I,
E coliPGTi293:7:01 (v/v/v) & L7, WFhols
b, MEWX0S5ml/min &L, 1 V27554 v 7 EHET
ST L7z, BEMHO XY ) — )Lk ki HPLC BB (F1
FHER) FH, 20% 7Y ESTKIISRAE (MK
LER) 2RV, BEHEREIE, FHIC0.45 um @
PTFE 7 1 V% — (Millipore #) ZHWCiF@ L7z, #H
% 1lmg/ml DBEICLEBLLHICRAY ) —VIZEBBEL, *
D5l % 712684 ¥ 2 7 ¥ — (Rheodyne #) %
THIAITHEALZ. BEEFITIE L4000 (AZH) #f#
HL, BHBES% 254nm TE=F—L72. zu~xbys
ADFREICE O M8y 7 CR6A (BER) 2MAL
7o SHHER TR, TYESTAEREMLAL VB
WTH I L% THkEL.

2:5 HPLC/ESI-MS
PG D51 (bis-DNPU #FEF) % HPLC/ESI-MS %
WS L7, HPLC R ¥ 7121k P4000 (Finnigan )
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Fig. 1 Preparation of the bis(3,5-dinitrophenylurethane) derivatives of phosphatidylglycerols

ZHEALL. A% 100 ug/ml DBEICRSE L HIZAS
J—VIZEBL, ¥— b4 Yz %— (AS3000,
Finnigan #) ZfWT, 20 3~5u 27 7 AITEAL
72, D HPLC &fH1E 2-4 1CRE LBV TH L. MS
SR, 44 ¥ bTy SEVERSHTE LCQ (Finnigan
#) ZMEEL, MAFYES ) —EE260C, A7L—&
FE 4.2kV, ¥Y—AHF A (8F) & 80arb (arbitrary
units), FEIH A (NY T L) HES0arh, FYETY—
BE-38VREFF2—TL AT 7y b&-100VIZ&
FL, ESIBIZL VBl vy Ay PVvEHIELE: (BE
#iPH 150~ 1500 amu). <O MS &H-TlxEIC [M-H]™
OHFEBEEA F VSN, HEEEBERD 7 57
AV M FAEBLIDIC, FYEFTY—BEE-24V
WZEEL, HEHEEE AV F— (source CID energy)
% 40% \CEREL TN L.

3 MRLEL

3-1 NERFERHHERY

VT (8-3) 125 X912, HPLC/ESIMS IZ & - T,
B4 D PG HFHOBBIENMEBETE 225, Ho0L
W GLC TH PG ORIIBHAKRZ RO TEL 2 LE, oF
HMoOREZHET 5 ETHEHNTH 72 FHIRTHIT L
ALYV PG L E coli IAMI12119 #%) PG OJERAEEHM
B % Table 1 Z/R$. FY LYV 7 PG OERIBHEELY
LB (18:8n3), SVIFUVEE (16:0) RO+ T >~
A-3-~NFHFE U (16: 1n-13) THH, FhEhalg
BhE R 40.8, 22.3, 29.9% % L7z, E. coli PG DE R
Wik 16:0, /SVIFF LA VB (16 : 1n7) RUY

Table 1 Fatty acid compositions of phosphatidylglyc-
erols from spinach leaves and Escherichia coli
IAM12119 (wt%)®

Fatty acid” Spinach leaf E. coli
14: 0 0.3 4.1

14:1 —_ 0.2
15:0 0.3 4.6
16 : 0 22.3 34.4
16 : 1n9 — 0.2
16 : In-7 — 16.2
116 : 1n-13 29.9 —

17:0 —_— 2.0
17:1 —_ 0.4
cyl7: 0 — 11.9
18:0 0.9 0.8
18 : In9 ' 1.1 0.4
18 : 1n-7 0.6 21.8
18 : 2n-6 3.8 —

18 : 3n-3 40.8 —_

cyl9: 0 - 3.0

a) GLC conditions: column, Omegawax 320 (30 m X 0.32
mm i.d.), carrier gas (He) 1.2 ml/min, column temperature
170C ; b) ¢: trans, cy: cyclopropane

A-N7E 8 (18 :1n7) THY, ZNEFN 344, 162,
21.8% ENT Wiz, F/2E coli 2, HFHICyr7as
ONVEBREFHFDOY X-9,10-2AF L AFHTFH VEE
(cyl7:0) H11.9%, YAILI2AF LY F 25 7h VB
(cyl9: 0) #$3.0% FFE L7, S o RBORRIBAR X
SCRRAED' T LML L 72,

3.2 DFIEDH
FT LYV PG E E coli PG ® bis-DNPU & E kD
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Fig. 2 Reversed-phase HPLC chromatograms of the bis(3,5-dinitrophenylurethane)
derivatives of phosphatidylglycerols from spinach leaves (A) and Escherichia coli
IMA12119 (B)

HPLC conditions as given in text

Table 2 Molecular species composition of phosphatidylglycerols from spinach leaves obtained by HPLC/ESI-MS and

HPLC/UV
Peak area, %
Peak no.” ECN RRT Molecular species” HPLC/ESI-MS? HPLC/UV?
1 26 1.00 18:316: 1 57.3 58.9
2 28 1.17 18:316:0 30.8 26.4
3 30 1.48 18:216:0 5.0 5.4
4 30 1.61 16 : 0-16 : 1 4.7 5.2
5 32 1.91 16:0-16: 0 1.4 2.5
6 32 1.98 18:1-16: 0 0.8 1.6

a) Peak numbers correspond to those in Figs. 2A and 3A; b) Equivalent carbon number = total acyl carbon number — 2 X number of
double bonds; ¢) Retention times relative to 18 : 3-16 : 1; d) No distinction is made between the sn-1 and sn-2 positions; e) [M—H]"~
ions of the bis(3,5-dinitrophenylurethane) derivatives of phosphatidylglycerols; f) UV detection of the bis(3,5-dinitrophenylurethane)
derivatives of phosphatidylglycerols

HPLC/UV 27 U< b7 5 L% Fig. 2287, PEO7 > %2ERALTEHEZPLELYTE—2BOELR) 285
EoTAKRERMLUABEHZHACLZLICL), E5FE L&), 28 HarBRIHE I, &BKSE, ECN
BRI WE—FTHREBEINRZ., AL YT PGT (equivalent carbon number) fEIZfE > TH F 25 HEH
i, Ay —N-K-20% 7E=TK (95:5:0.1, L7z (Table 2 XU Table 3). cyl7:0& cyl9: 0D >
v/v/v) BERIVBA Y755 4 EEEET 45 SREOGN O 7ua/8 O ECN fEiX, 5T 2 (hTFEOELY)
BT o6 Moy x HiIcoBEh: (Fig. 24). —H, 17: 1 R19: 1 ERA—ERZLTHMLA. HL ECN
B EDE N E. coli PG DYEIE, F93:7:0.1 (v/v/v) EDFFEOFTIE, ZEHEZIZLVESTRDEL
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Table 3 Molecular species composition of phosphatidylglycerols from Escherichia coli IAM12119 obtained by HPLC/

ESI-MS and HPLC/UV
Peak area, %

Peak no.” ECN” RRT" Molecular species” HPLC/ESI-MS” HPLC/UV’
1 28 0.60 14:014:0 0.3 0.6
2 28 0.65 14:0-16 : 1 0.9 1.6
3 28 0.68 — 0.1 0.9
4 29 0.69 14:1-17: 0 0.2 n.d?
5 29 0.74 14:015:0 0.6 1.2
6 29 0.80 15:016: 1 1.9 2.6
7 29 0.84 14 : Ocyl7 : OV 0.4 1.4
8 29 0.91 17:1-16: 1 0.3 nd.
9 30 0.93 16:0-14: 0 6.3 6.8

10 30 1.00 16:0-16: 1 28.9 22.1
11 30 1.05 18: 116 : 1 4.6 7.0
12 31 1.17 16 :0-15: 0 0.9 2.4
13 31 1.22 15: 018 : 1 1.0 2.1
14 31 1.26 17:0-16 : 1 0.7 1.2
15 31 1.32 16 : 0-cyl7: 0 20.2 15.8
16 31 1.38 18 : 1cyl7: 0 1.3 2.2
17 32 1.46 16:0-16: 0 0.7 nd.
18 32 1.54 16:018: 1 24.5 20.0
19 32 1.61 18:1-18: 1 3.1 5.0
20 32 1.66 17 : 0cyl7: 0 0.6 1.3
21 33 1.94 17:0-18 : 1 0.5 1.2
22 33 2.08 16: 0cyl9: 0 1.7 3.8
23 33 2.19 cyl9: 0-18 : 1 0.3 0.8

a) Peak numbers correspond to those in Figs. 2B and 5A; b) Equivalent carbon number = total acyl carbon number — 2 X number of
double bonds. ECN values of cy17 : 0 and cyl9 : 0 are taken as equivalent to those of 17 : 1 and 19 : 1, respectively; c) Retention
times relative to 16 : 0-16 : 1; d) No distinction is made between the sn-1 and sn-2 positions; €) [M —H] " ions of the bis(3,5-dinitro-
phenylurethane) derivatives of phosphatidylglycerols; f) UV detection of the bis(3,5-dinitrophenylurethane) derivatives of phos-

phatidylglycerols; g) n.d., not detected ; h) cy, cyclopropane

AT LHEM L. HHHPLCICBWT, BEHICH
EEMZAZLICL > TRFLRSEENRONE DI, HE
PG ORMEERAL & B EM & OMESER % #Hl T 2720 T
By, BTV R I ZFLTIVRELAENTHA L
EbnTwa™, BEMICEEEZRNTAILILL TS
FREPILTESNLZ LR, A T77F TNV Y
(PC) IZ2oWVTHBIBEINTWAEY™™,. —%, Abidi and
MountsE, # v ¥—A4FELTHE4HRY VBT VE
ZOLAEBRVBHEMHA A v U ST 74 =120,
KEEFHMPICAOBEET S PCOSTHEELSHBEL, KK
F UV (206 nm) TCTHEHBTEZRETEHELREL T
wW3?, LEBOT VEZTREBBHIGEML COFERE
ST HARER, BEMHORUNIEZTHSL I &L bis-
DNPU FHEMAED D UVIERIERT I E D5 (A 226 nm,
£59600)" BERETHIHMEREL TS, —HT, A
L720DS 753y ) ANzl d520, 7VE
=7 KRERML-BEM (pHI.7~9.8) %A LEA,
H AEEIMMETTABERN DS, LeLARD S, AiF
FCHEA L7 01% BREORINE TR LS HOH
B3I ALEBIIRDOON o 7.

3:3 SFEORE

HH HPLC THBE S N7 K5 FHE%Z 4+~ 714 ¥ ESIMS
WEDWRIE L. K7L ¥ Y7 PG bis-DNPU &% B KD
HPLC/ESIMS Ik o TlHELNRA A AL b ouY
b5 2 (TIC) % Fig. 3A \Z/RT. HPLGC/UV 7 1< |
79 4 (Fig. 24) LRBRIC 6 gkt shi, &¥—
FOREA T VANRY PVHZIE, [M-H] OBV T O
b ALBTF BB ENZZOT (Fig. 3B), TOAF v EE
FhER AT DAER (Table 1) 2FHL THGFRELIERNL
. Bz, TICET25~26 B ICHBMLAZE—-2 3
(Fig. 3A) @ m/z 1163 1&, BREGERHIE (Table 1) 75
18:216: 0% 18:1-16: 1 D 22WEZ b b, LAL,
18: 1 IWMERASTHY, SAZURINTTT74—12&o
THHEOGTFRIIBMH I o/zZ th b (Fig. 4),
Y—23(318:216: 0 L RE S L.

Fig. 51, E. coli PG FHEARD HPLC/ESI-MS 7747 D &5
BERT. HPLC/UV THOLNz2a~< b7 F 4 (Fig.
2B) LFBRIC, BIY x5 % TICHHE I (Fig. 5A).
BY—2DEBEARZ PV biE, wihd [M-H] ®
BOR7O N MG FARHENZDT, TOA4F &7
BALTC, YV VY PG OEELAMOFETES T
DREExZRAz. Fl2E, TIC ET50.2~51.5 3 ICEH
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Fig. 3 Reversed-phased HPLC/ESI-MS profiles of the bis(3,5-dinitrophenylurethane) derivatives of phosphatidyl-

glycerols from spinach leaves

A: total ion chromatogram (TIC); B: mass spectrum averaged over the peak 3 between 25.3 and 26.1 min on TIC.

LC/ESI-MS conditions as given in text

$HE—2 15 (Fig. 5A) OEEARY bVHO m/z2 1151
1%, BRAEBRM OFR (Table 1) #*5 16 : 0-cyl7: 0 T
boHLHEEIND. AKICLTHOEEY -7 LFAESH
2, BFEROFLVES WX, ¥—218, 4RV
15) ZIEELLFET 2720121, SRS OB
B3 2EHRVLETHo. 22T, A FVBEIEERE
(source CID energy, 40%) ZEIMLCT7 I 7 X 57—
a Y 24T o 72 %, DNPU #8252 Dl L7z [M+H — bis-
DNPU]™ (N—RA¥—7) & 12O8i#L7 [M-DNPU]"
DTFTAL M FDEMC, FEKFFHD2DOD
DNPU #& 7 I VEED 1 DABEE L 7285 [M+2H — bis-
DNPU-RCO] A F v/ ohi. Lizd->T, O
FhERBIE A + >~ 2 FH LT, HPLC THEshzizb A Y
FTRCOGFHEEVERSZEO TERICFHET 52 L8
WEETHo7. BlxiE, ¥—2 15 (Fig. bA) DHFHIL,
B 7o b > AbsrF m/2 1151 (Fig. 5B) & 7 ¥ V%
(cyl7:0) BIED m/z 484 4 * » ([M+2H — bis-DNPU —

RCO] ") (Fig. 5C) #°5 16 : 0-cyl7 : 0 L RIE S 72, b
DE=ZIZOWTHRBOFHETHNL, ~AZ7u< b
774X THRLA (Fig. 6). BIZIE, m/z
1151.5 0.5 ((M—H] ) OHEBE*WMETEILICLD,
TFEDHELV IS (¥—27 13, 14, 15) 25K,

3.4 DFEMER

HPLC/UV & HPLC/ESIMS (SIM) TR&7zFw L >
V7 PG RV E. coli PG D5 FHEMBE (¥ — 27 HE%) %
Table 2 R 8 1ZRT. x7 L ¥V 7 PCOEESFHEIZ
18:316:1L18:316: 0 THE2HLIehFMbhTw
BUOOD KR TH L -RBTD 18:3-16:1 &
18: 316 : 0 TE PG H# 90% % L7z, ZOMPERS
LT, 18:216:0, 16:0-16:1, 16:0-16: 0 K 1*
18 :1-16 : 0 D 4 3 FREMM S N7z, E coli PG 2051,
INECKREAIEE-721% UTOLVERD 2 EDT 235K
SR E NI, ELRS5TEIZ16:016:1, 16:0-18: 1
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Fig. 4 Mass chromatograms representing [M—H] ions of major molecular species of phosphatidylglycerols

from spinach leaves
m/z=[M—H] £05

BU16: 0-cyl7: 0 Tdho72. E. coli KIZHRKPGTD,
TS SEAVEESTETHL I EVFHESIATY
67)22).

E coiffEDHBBHWR T THE yr7us7unNrRg
(cy17: 0 R ¢yl9: 0) & PG5 FH D sn2 fLICRET %
ZEHFMLATVRE®. ¥—2 15 (16: 0cy17:0) DH
BANRZ PVIZRSNS [M+2H - bis-DNPU—-RCO] T
i, cyl7: 00T Y NVEDNBEELIA L Y ORBROR,
16: 0 BED A * ViZBE I N b o7 (Fig. 5C). 2O
CEiR, AETEELALBETIE, ml o7 YvE
Db 27 I VEDIE)FHHELLT VI L ER
BLTWS, ZOBKD, TIVVEORLRLTXTOHF
FBlZoWwTHBANE D DITHAL A TIE 2 WA, Vernooji
SO HEOEHKY VIFE D ESIMS ZREL, sn-lfiL
sn-2 LA S BLBES 2 IRIFBREI R A 4  DEDE VT #
ELTWBIEDRS, SBI7IF T AVTF—Ta yOFME
BN BLETHELELONS.

HPLC/UV T & h 7245 M 1 HPLC/ESI-MS T1%
Shizfl (A% LRBEHIS—FLALZLrH
(Table 2 % UF3), HPLC/ESI-MS X FH DR EIXH Y
T%<, PGHRRERDLFELLTCO o LRERANLEA
TrEEZLNE. LhL, EEROBVES GkyL >
Y% PG Ti2 18:3-16: 0, E. coli PG TiX 16:0-16 : 1,
16 : 0-cyl7 : 0 R U¥16: 0-18 : 1) Ti, MS D) H* UV

MBI LEIEVE (4~7%) #RL7IzDOT, HPLC/
ESIMS THLELZ RO 256, RABREL Y — 7 HEOM
BiconT, BIZHEHICRETILENHLLEILN
5.
ARG THES, L7z i, PG % bis-DNPU FEMKICE
# L C5¥4 HPLC/UV & HPLC/ESI-MS T#-T K %
KH5HDT, PG ENMKSHEL THEEZ KD HHERDT
BLhyfifETds. HPLC/ESI-MS TiX, A& (0.5
pmol ) ORET, PRESG RETFHED 1% BE)
REDTHFHEOFRENTETH- 22 L h D, REER
KUK PG O FREOIICALSERTELLEZON
5.
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Fig. 5 Reversed-phased HPLC/ESI-MS profiles of the bis(3,5-dinitrophenylurethane) derivatives of phos-
phatidylglycerols from Escherichia coli IMA12119
A: total jon chromatogram (TIC); B and C: mass spectra averaged over the peak 15 between 50.2 and 51.5
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Fig. 6 Mass chromatograms representing [M = H]  ions of major molecular species of phosphatidylglycerols
from Escherichia coli IMA12119
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EREEk s u< V7574 — (HPLC) L HESWE MS) 2HWT, MIWF 7 a4 FERLHAEWME
EOBMNKS TH AT VIRE-FA77F VT ku—L (PG)- OFTFEOFMEH LT S
WER HELZHBI L. A7 LYY EROCABE»O 5L PGREEARA35 VbR T2V T LY Y
SR (bis-DNPU) I2ZH LT, UVHH HPLC (HPLC/UV) &L 27 PR R T L —A % ALEEGIE
(HPLC/ESIMS) {2 & Y 4#7 L7=. HPLC/UV ¥ Ci, ODS ZKEH % &L H T A (26 cm X 4.6 mm i.d.)
CALBOTVEZTARERMUZBEME (X5 —V-K-20% TYEZTK (93:7:01Xix95:5:
0.1, v/v/V} ZHWVWBEILIZL->TPCOEADHFEIHY &5 ICo8Sh, JFEEK T EMEIZKD
52 LA EETH o 7. HPLC/ESIMS Tid, [M—H] W4 TRBEE S + v LBEREHRERD M+
9H - 4is-DNPU-RCO] 4 # Y o5h-0T, ThoF2MHLTE&S THELZEE L. HPLC/UV &
HPLC/MS TR &45FHEOY — 7 BEEBBLh—K L7222 &2 5, PG FHEMAD HPLC/ESIMS &
DTHEORMZBED ) TR, MESTEL LTOEFHTHEZ LRED LN,
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