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Abstract : CTA ester bonds in TG molecules were not attacked by pancreatic lipase
and lipases produced by microbes such as Candida cylindracea, Chromobacterium
viscosum, Geotricum caandidium, Pseudomonas fluorescens, Rhizophus delemar, R.
arrhizus and Mucor miehei. An aliquot of total TG of all the seed oils and each TG
fraction of the oils collected from HPLC runs were deuterated prior to partial hydrolysis
with Grignard reagent, because CTA molecule was destroyed with treatment of Grignard
reagent. Deuterated TG (dTG) was hydrolyzed partially to a mixture of deuterated
di:acylglycerols (dDG), which were subsequently reacted with (S)-(+)-1-(1-naphthyl)ethyl
isocyanate to derivatize into dDG-NEUs. Purified dDG-NEUs were resolved into 1, 3-, 1,
2- and 2, 3-dDG-NEU on silica columns in tandem of HPLC using a solvent of 0.4%
propan-1-ol (containing 2 % water)-hexane. An aliquot of each dDG-NEU fraction was
hydrolyzed and free fatty acids thus obtained were converted into pentafluorobenzyl fatty
acid esters (fatty acid-PFB ester). These derivatives showed a diagnostic carboxylate ion,
(M-1)", as parent peak and a minor peak at m/z 196 (PFB-CHs3)" on NICI mass spectra.
In the mass spectra of the fatty acid-PFB esters of dT'Gs derived from the seed oils of
T kilirowii and M. charantia, peaks at m/z 285, 287, 289 and 317 were observed, which
corresponded to (M-1)" of deuterized oleic acid (d2-Ciso), linoleic acid (ds~Ciso), punicic
acid (ds-Ciso) and eicosamonoenoic acid (da-Cano), respectively. Fatty acid compositions of
deuterized total TG of each oil measured by relative intensities of (M-1)" ion peaks were
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similar with those of intact TG of the oils by GLC. The composition of fatty acid-PFB
esters of total dTG derived from the seed oils of T kilirowii are as follows; Cigo, 4.6
mole % (4.8 mole %, intact TG by GLC), Cise, 3.0 mole % (3.1 mole %), dz-Cigo, 11.9
mole % (125 mole %, sum of Cigine and Cisiw7), da~Ciso, 39.3 mole % (389 mole %,
sum of Cisze6 and its isomer), ds~Cigo, 41.1 mole % (405 mole %, sum of Cig3 scircim
Cig3 seteazr and Cigs ouiiein), d2~Copo, 0.1 mole % (0.2 mole % of Capiwo). In total dTG
derived from the seed oils of M. charantia, the fatty acid components are Cigo, 1.5 mole
% (1.8 mole %, intact TG by GLC), Ciso, 12.0 mole % (12.3 mole %), dz~Ciso, 16.9 mole
% (174 mole %, sum of Cigi1u9), d=Cigo, 11.0 mole % (106 mole %, sum of Cigus),
ds-Cigo, 58.6 mole % (575 mole %, sum of Cis3 scuie1z and Ciss sciiuz). In the case of
Aleurites fordii, Cis0; 2.2 mole % (2.4 mole %, intact TG by GLC), Cigo; 1.7 mole % (1.7
mole 26), d2-Cigo; 5.5 mole % (5.4 mole %, sum of Cig1a9), di~Ciso; 8.3 mole % (85 mole
%, sum of Cigzu6), ds~Ciso; 82.0 mole % (81.2 mole %, sum of Cigs sz and Ciga
aclieiz). In the stereospecific analysis of fatty acid distribution in the TG species of the
seed oils of T. kilirowii, Ciss s1isr and Ciszes Were mainly located at sn-2 and sn-3
position, while saturated acids were usually present at sn-1 position. And the major
molecular species of (Cis206)(Cigs genriz)e and  (Cig109)(Cis206)(Ciss  sciiiz) were
predominantly composed of the stereoisomer of sn-1-Cigous, s1-2-Cigs sciicize, sn-3-Ciss
selitize, and sn—-1-Cigiwg, sn-2-Cigzee, Sn-3-Ciga sciitis, respectively, and the minor TG
species  of (Cig206)2(Ciss  scnuze) and  (Cieo)(Ciss  seiieisc)s mainly comprised the
sterecisomer of sn-1-Cigauws, sn-2-Cigzws, sn-3-Ciss sz and sn-1-Cigo, sn-2-Cigz
% 1in1ze, SN-3-Ciga stz The TG of the seed oils of Momordica charantia showed that
most of CTA, Cigs scii1a, occurred at sn—-3 position, and Cigeos Was concentrated at sn-1
and sn-2 compared to sn-3. Main TG species of (Cig1,9{Cis3 scnicia)2 and (Cigo)Ciss
11113002 were consisted of the stereoisomer of sn-1-Cig149, sn-2-Cias sz, sn-3-~Cigs
sentz and sn-1-Cigo, sn-2-Cigz sciieiz, sn-3-Cigs scaeam, respectively, and minor TG
species  of (Cig206)(Cisz scaiaa)2 and  (Cig109)(Cis206)(Cigs  acinniz) contained mostly
sn-1-Ciszos, sn~2-Ciss scaieiz, Sn-3-Cisz sz and sn-1-Cigias, sn-2-Cigzes, Sn-3-Ciss
stz The TG fraction of the seed oils of Aleurites fordii was mostly occupied with
simple TG species of (Ciss scucias, along with minor species of (Cig246X(Cis3 sci1c130)s,
(Ci8109)(Ciga gerieia)2 and (Cieo)(Cigs acareiz). The stereospecific species of sn-1-Ciszus,
sn-2-Ciga gcniniz, Sn-3-Ciss sz, sn-1-Cigros, sn-2~Cigs scunim, sn-3-Cigs seniz, and
sn-1-Cieo, sn-2-Cig3 sctieiz, Sn-3-Cigs a1tz are the main stereoisomers for the species
of (Cig246)(Cigs scunazz, (Cig1.9){Cigs scaiaz)z and (Cieo)(Ciga senicias), respectively.

Key words : stereospecific analysis of triacylglycerols, fatty acid, pentafluorobenzyl ester,
Trichosanthes kilirowii, Momordica charantia, Aleurites fordii, negative ion
chemical ionization
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1. F &

TG oFEY WEE# & stereospecific
A aWstna e AEe LUWHRY A
HAou, 1950EMA Eo)94 Litchfield[1]19}
Brockerhoff(2]ol] o8] ¥l=A 1 Fike] WAz
HAct & 252 Grignard REEEL FAHS L
8y Hiold & lipase® FIHT MR H
#®o8, TGE 1(2), 2(3)-DG¢} 1, 3-DGR #4r
kst ol 4£iE DG EA&HIA
TLCH L Z 1(2), 2(3)-DGHsAHE ).
o] {E&Mo] phosphatidylphenold {EAAIA
DGE 1, 2-diacyl-sn-glycerophosphatides$} 2,
3-diacyl-sn-glycerophosphatides 2 FH#{k3} 1L,
ol 7je} Wi A FEWE phospholipase Axe 1,
2-diacyl-sn-glycerophosphatides ¥ kol vt
fERste] 2-frEe] BEEFRES EEEAIZC ol
A EMEERS sl 1 @EKE g
sta1 & olmf 4 ¥ 1-acyl-lysophosphatides
& kREWHY 2, 3-diacyl-sn-glycerophospha-
tidesi2%€ TLCY column chromatography 2
HESr s, 4282 kot 1-frEe
lelhBe S W@bAA 1 @S R oA
dolzl datas) EIEMEEERES X@B=2 3o F
o}zl &R[3]e kigsly TG #FHEY 3-fiE
of &% Ik Mg FHED

B g FAHE TG 5 THEY Bl
B o VABRY oS 4 HPLCE
TGE FTFfEHE HESHY & &% 778 &
#|-& Grignard ##o|L} lipaseZ oAk
3o, 1, 2 (2, 3)-DGS} 1, 3-DGY BE&%mE %
ek g (o] A& EE ERE HES W
). tgezr o RAWI BMEY
S-(+)-(1-naphthyl) ethyl isocyanate ¥ & in
3l 50CoAM REEFR) KFEA A diacylglycerol
DG&E 1, 2-DG-, 2, 3-DG- % 1,
3-DG-naphthylethylurethane (NEU)2.2 F#
ik, o)A & FHHE o silica column
¥+ chiral columne] #&F® HPLCA A &4 2
enantiomer2 7 #3%tl % enantiomerd] fJgk5
e oFsted el ERT 24X (3l kigs)
o & TGH TR feihl H4& H/EG. o
FHko 2 Chrstie[45]5 9 fi9 HigadlA d&
TGE silver ion-HPLC$ RP-HPLCZ & Ff
o2 S#lEln & S#lS FomkomEd £
me DGE (S)-(+)-1-(1-naphthy!)

Sk, Penahorobenzyle GC-Mess Spectrometyl 9% Corfugte Trienokc AGd3% Traylgyeeol £79 THERN 5% 3

ethylurethane F#&k=Z 8o} 1, 3-DG, 1, 2-
DG 2 2, 3-DGE silica Z¥ ¢ #%% HPLC
2 M2z EREC) Yo @ v g

ATR(6]A A E X3 uieh o) ubRHEH 3
ek (—%  slesY,  Trichosanthes
kirilowi))®} A3 (Momordica charantia) T&F
iHel TGol: conjugate trienocic acid (CTA)Y
8tl3Ql  punicic acid (Cigz s @
-eleostearic acid (Cigs scaia)?t HER 8465
of glem, = KEH WA W (Aleurites
fordin)®] TS a-eleostearic acid’l %8
o2 gF5° gt a¥d CTAE 848% TG
€  Grignard REoE Homkoymsbd
punicic acid %+ e« -eleostearic acid®] B}
KES WEEAY E4dEdn §u78], =
W lipasees TG #FHES MHEHRY
palmitic acid, stearic acid®} FeEFIigLHEES)
oleic acid, linoleic acid® &HsHA Wk Est
t}, CTAS punicic acid$} a -eleostearic acid
9] ester bond& MAKZMEA] 3t HEP
vt Aoh78l. ol9}k el CTAYL #&%
triacylglycerol (TG)9] o mAKSEs ol &
© 2, Litchfield[1]$} Brockerhoff{2]9] FHi#i&
Bigstd BAEAA AL dE HEe=2:
o] TGS WHEBRSY 7M4E kRN
gfgte e AagEstda ke,

Ryhage®} Stenhagen[9]o] 23t mass-
spectrometry (MS) Higkol g o4iol HA
® LK, ole RENRA IEEEES HiERE
b BAE I REMY HEeE d8A Q)
o\, o] FEko2E FHIfsHiEEY geometric
%= optical isomer?] MEEFo] ojfi, =
st e BHRYE 1 BEWIA M
HoREStof 3= o3& Bl . uekA
MS Z#dAME O HEHME ®ol7l Hid
gas-liquid chromatography (GLC), NMR E+&
IR-spectrometry} 2 HEMTHNYU & o
m Hkol wASEA ¢ow ¢dHrt 21 £ GLC
€ mass-spectrometry®] #&A17] GLC-mass
spectrometry (GLC-MS)¥ kMBS #ik
SREEA 1T 1 EEE RTEY T A B
ks Kool LAMY EEE de] A
3t

GLC-MS9 modeZ% electron impact
mode (ED$} chemical ionization mode (CD7}
ed §iFEE GLCY columndlM Me A
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>TE electron beam & & HRgsto
fragmentation®] YojupAl &w, ojdf A=
fragment®] pattem® ol o] HFo HWEE
g 4 g KItd, ##] Cl modes
Munsond} Field[10, 11]0] 2lsle AHgoz ¥
AEoen, o] modedlE GLCAAM 4"
o9 &M jon (diagnostic ion ET
characteristic ion)°] electron impact XHThE
ion-molecule ZfEl 2l&t] £pErt. o] Kk
dAE KRN 1 torr BESE Fo} ion source®l
A WA  reagent gas (methane, butane,
ammoniaZ)7}t electron impacte] 234 ionft
518, o] jond reagent gas9h: A9 KAEFA
d3 REHTFS RESS ol 4A ionftd
t}. o] moded] i8] EEF S s CI mode
9] transfer energy”’t EI moded] 2RARG H
A g2ovg El modedld $F & 4 e &
$o HFE HRE 4& F due Aotk o
goz EEH AL Cld 9 4£HE
even—electron protonated ionE<  [HIEA,
M-H)JlA 48¥ radical molecular ion (M
HRT 84 ZESGE Aot E ClAAE
mass spectrum® patterno] #AXE ionfbE
gas®) HE wet gk, o] HEE FIA
&tod of8) h& reagent gasE FHIEEAM 1
ST B0 BY HHE 98 F Ade
Roltt.

AEEgoIME N2E Hkez CTAE 7
TG 4 FfE stereospecificdtAl 4#73H7]
o] WA sEEte, 459 il BTIEEAA
SEESt ol AL M- EE #ion-HPLCE 7
TS HES BT 9714 22 % TG &
TR —E&eS BEAEE #IRAD #®
Grignard R#o2 HH KB deuterted
DG (dDG) B&a®me £sA it of dDG
BEeWe NEU FiB&sd silica ZHoR 1,
2-dDG-NEU, 2, 3-dDG-NEU$ 1, 3-dDG-
NEUZ ##i3t1, @olx dDG-NEU #5579 fg
58S fEREEAI A pentafluoro- benzylbromide
2 [5ihEe-pentafluorobenzyl ester®] FHBAEER
TrEQ 12l °o]AE GLC-mass spectrometry
o] negative ion chemical ionization (NICI)

mode®  HEBsI®S S TR FEIE
(M-1)"9] intensity® HBIEste] HBiialsfk <l

mole %& 3o X3 Pt & o TFHES 8
Bhlee) STRERY oS HAESAC

BEH CEER

2. R B

HA¥Q stsete Y ¥ 59 e BT
2 1099 7}2o £l ER-ENA A
o {ERstow, MIgEML, TGS M ¥,
HPLCOl 9% TG # T HE ¥, #Akte
I5E5®: methyl ester{t ke HiM6] @&
ule} g}

SRS TG 458 1BUE22l deuteration ¥
AR NS HR(13-15,23,24]

1. TG £ T8 KIS deuteration ; #%
TG &£ I #8 (TG, 1~2 mg)S teflon
gum-lined screw cap¥ & 8 mL%E viall &
7131, o37}e] /B magnetic stirrer® Wi, 1
mL9 1, 4-dioxaneZ ¥ TGE 723 =3
t}. o] vial& He gas® 375M flush$ #ol
Wilkinson %% 5 mg$ ¥ ©ed sPiE 3
T vialg #Epstdd. volel § Ae FAhb
& ol #F uiy FHOEE He gas€ &
AXNA vial RIS 350 purgingda, GEZE
o] FAhutEs FHL @Y gas7t HHEES &
g} ol #BfEE B T D gasE
switching3te] ©] gasZ 12040f0 HEAZRA #
ool viald) BEE SH5TCE #RA
th. KiEo] B % BIEBHEE FRAWT
A 253 %3t hexane2 2 deuterized TG
2 @Egsted, 1EA Florisil Meolumnol loading
8le] hexane-acetone (96 : 4, v/v) 10 mL& &
& deuterated TG (ATG)E FRsIAh

2. ATGS #omKS W

a. GrignardiA# FMN6] 0.3 g2 magnesi-
um H2#7] (turnings)g 250 mL%A& round-
bottom flaskol ¥ o, 7]° dry diethyl
ether 25 mL3 &89 LE M3t magnetic
stirer2 ##sIEA LE M3 Pk o] B
wol 02 mLY CHsBrg 10~207° X 48
A FabEl mstEAM RERKC REoER B
o 7z @, oAl 6~T74d A
CHsBrg —[E 02 mL¥ mstd CHsBro| &
#o] 10 mLIA 3o wA% 02 mLe
C.HsBrZ 3t % 3090 o #iFsiact of B
aMe HlEdl k@St doin EWY LB
T2 Grignard ez FRAIAT
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b. GrignardiA 3l <] g 5 Ao R[17]

sl +iE9 dTG (deuterated TG, # 1
mg)E 100 mLA screw-cap HAEBBE 7|1
pyridine® 2 1%A12] dry diethyl ether 10 mL
& mated e T2 = 979 A=z
o] BiEF 05M9  Grignard HE  (ethyl
magnesium bromide in dry diethyl ether) 10
mL& 3t ERES] 150 #HY #hEs #
#wataA A o, AEK 2 mly
pentane-acetic acid (5 mL : 6uL)2 E&HS
et KEE kAT KERS o3 #
P B RO FEREES sEside
H o] FREBEES A 2~30 KEE o
BEHE BEIy REARHE EKEHE BiE
AlA . £el dDG, dTGSE dMG2l B&
o2 2 o]AE hexane-acetone (96 : 4, v/v, 3
mL)Z E#EAA £ Bond Elut™NH; column
ol loading3}4, hexane-acetone (96 : 4, v/v)
10 mL2 TGE BE#%E3t1, hexane-acetone (80
020, v/v) 10 mLE dDGE st

c. Lipased] 9@ dTGel mAK7#{18-20]

IM® tris-buffer (pH 80) 1 mL, 22 %
calctum chloride %% 0.1 mL3} 0.05 % K& &
025 mL& vi7idd HEFol wWol & 4 #,
dTGE 1 mg o] 25~30TC 9 water bathol] 1
oM HESHAT. 7)o tris-buffers] =< B
8 lipaseE® BiAsld Candida cylindracea,
Chromobacterium viscosum, Geotricum candi-
dium, Pseudomonas fluorescens, Rhizophus
delemar, R. arrhizus®} Mucor miehet] lipase
Z &% 01 mL (200 units/l mL)E o
water bathol A oA 54R #EES #%, Jag
1 mLo 6N @& 1 mLE YWol RIES £
Zt}. 7)o hexane-diethyl ether (1 : 1, v/v)
REAWEE 10 mLe ZEK 10 mLE fnslo] #
¥ %, FRBEES bBlksld €% KT
A BEE  BREIAIY olgA Ao
deuterated TG, DG, MG % #HBEIRIsEES) BS
oA 99 2-b HM ERT HEke2 dDG
£ [Egstach

3. dDG*] Naphthyl Ethyl Urethane
(dDG-NEU) #¥4k1L[17]
dDGe] EBE®H 25uxLe (S)-(+)-1-
(1-naphthylethyl  isocyanate$t 4 mg9]

AL, Pentafuorobenczylt 3 GC-Mass Spectromenryel 98 Conugale Trenoic Acid8% Triacylgycerol 478 i8I 76 5

4-pyrrolidinopyridine (1 mL tolueneo] =29l
®)E m3te 50CoAA &Y REAHT &
g R 10% taurine KE®K 100p«LE
a2 A7) diethyl ether 10 mL% & 2 mL
€ mdtd #F BRAA KELREWS diethyl
ether/Bo2 BITA7IL (2~30 RE), B
diethyl etherfF& EAKTEWE BRASS ZEE
W TN BEE BRESIA ofgdA dox
¥4-€& methanol/H:0 (95 : 5, v/v, 10 mL)E
o] o} methanol/H:O BHOZ o]n) KA A
¥ 18 Bond Elut™O0ODS column®l loading3}
At o] B 15 mLE& & THHE 23
BrES o2 10 mL9 acetone2Z DG-DEU
FUME pis) sREsAC

4, HPLC 9] % dDG-NEU #H ¥ k<)

resolution[17]

329 acetonel®E& BRREW TN BEES
B3l doix  @EH#HE  hexaned] o
HPLC &R #EZ 39y, #/3 HPLC=
isocratic solvent delivery system& Zt&
Watersit 9] Model 440014129, 48 column
5% Hypersii (250 X 46 mm, 3xm,
HiChrom Ltd., Reading, UK) 2fH& 53}
FAsN . BiEE 04 % propan-1-ol (2 %
H:O &%)-hexane system& #FHsIYen
#E 1.0 mL/minE 384 isocraticstAl EBIst
Aok olvl S#EEE peakE REadly] 935y
UV @2 (Model M-720, Young-In
Scientific Co., Ltd, Seoul, Korea)& {#/H3}4.2.
o, WEHES 280 nmdl EEstEch. HPLCH
A 1, 3-, 1, 2-dDG-NEU % 2, 3-dDG-NEU
FHke ReZ BHEY & peakd BHKEE
Bol ER|WMFAA BEE BREsn O ¥
Baol RHpt2 HAstE

5. dDG-NEU #E¥{ko] K58 methyl

ester{b[17]

HPLCol A4 7 #% dDG-NEU #5¢ —#&
diethyl etherel *=< 10 mLZE vhlgd HAERE
of &A BIETBHEE £23 BREIAd o749
dichloromethane 05 mLE m3le EE#HS 5
23 %4 o¥ 10% sodium methoxide-
methanol® methyl acetate® £%& 25uLF i
3t 50TolA 16 KIEAA IEiHG BEE
methyl{b3tgith KIEH ZEXRKHTAAN RIEH
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o ®RAZ e hexanelZ H5H5EE methyl
ester® [ENgste] ©o]E 1EMA Florisil M column
o] mountingd # hexane-acetone (99 :@ 1,
v/V)E #iEES Fsisted GLCAH A2 ERst
Atk GLC #¥ifee g6l 71ed upst
Eig=

GLC-MSOll 2l#t MiiRbme| RE

1. dDG-NEU #¥14ko] Rl #EMit
9 pentafluorobenzyl{t[21]

dDG-NEU #1559 udA #45S diethyl
etherdl =d nlAigd RHBE &7l HH
BIEE 528 BREY of drld 0IM
KOH-ethanol B#&E 025 mL %o #ilA
stau st mAkLmAIZ T Acetic acid
Sure s Wolmy KL BibATL, of RIE
4ol dry diethyl ether 3 ml, hexane 3
mLo %@EA 2 mLE fnste] #pataA
RS HREBEREY SolEE A o
REgE S EOSEE SHE dethyl etherf
ohe go} HEEM TN BHFBREE T2
kg e 107 torrd) EZ desiccatorol A K
5& stxs) BREstgdoh

oG A dol7 wEEiREEECl 10% pentafluo-
robenzyl bromide-acetonitrile ## % 20%
diisopropylethylamine-acetonitrile %K & %%
295 upLH mitel HBEAAM 1575 HiEsHA
pentafluorobenzyl R5i5EE (PFB-HERGRE) 2= Ei]
ksl ol £KMmE BFEES KREk —
Bl Florisii ™Mz # el loadingdted 8 mLe]
hexane-acetone (8 : 2, vv)& &l ik
-PFB ZHM4E Mis#std GLC-MS ST
HAxtz. EHsA

2. GLC-MS9l #i#f(22]

Hewlett Packard 5890 gas chromatograph
o] quadrupole systeml Hewlett-Packard 5989
mass engine fH#E¥ GLC-MSE {#A3AT
Column®® DB-1% coating3t fused silica
column (10 m * 0.22 mm, film thickness, 2 ¢
m, ] & W Scientific, Folsom, CA)& i H 3k
1, column BES 150°Col Al 143 #ERES &
235C7HA] 15C/mine.2 FiEsgoes o &BE
A 260CAAE 5C/minS & programming
% t}. Carrier gast Heo & 50 cm/sé HEER

BB s

3o {F#HF modex NICI (negative ion
chemical ionization) mode¢] 2.9, moderating
(reagent) gast methane gas® (EMA3IAT
PFB esterd Bk signal® 97 HAstd
mass spectrometers] E& 0.1 torro2 3
jon sourced] EES 50eVeR 3 selected
jon monitoring (SIM)2 m/z 2799} 2859014 &
Gt

3. ¥R U R

misRl6lo] WMisS wiel 2ol sEEle] ETH
o] ¥EH TG HTFHEL (Cisze6)(Cisaz scainizlz,
(Cig109)(Cia3 seeizc2® (Cis206)2(Ciga sea1e13)®l
I, AFMTFH TGS #TEE 1 Higg AA
31 UE (Cig109)(Cisz sciiniz)2® (Ciso)(Ciss
senuazol Do, TS (Cis206)(Ciss
etz (Cigo)(Cies senia2’t EE TG o°F
folgty. o5& A% punicic acid £ «a
—eleostearic acid® 19F HEE 245TFE &4
a1 glen, Fig. 1€ CTAQ! punicic acidE
a9 sgelal BT TGE Grignard A%
o7 moamASmetd WY ERENRS
GLCE #¥i& chromatogramo|th. X4
CTA7 WYL 2 & Jsied, A4F ETH
o TGE o] HFo2 WHyMAIEIAE o
-eleostearic acid7t 9A HWHEEES & T UN
tHdata 4HE).

%49 MTG 2 HPLCAA 7#¥ TGY x
E5812 1, 4-dioxaned EZ3 = ©F
Wilkinson #81%[23,24]19) & T EAE (Do)
2 & &HT9 —E&EEY KA
(deuteratation). BFBHE BREMFAAM £
23] kT #ol hexaneS 2 deuterated TG
(dTG)E ElMste] —[EIf Florisil " columnal A
hexane-acetone (96 : 4, v/v)& dTGE H#3}
gow 1 —#E MHESIL transmethylationdt
o GLCZ IEWRMmS H#d #R K&
—FiEgo] EAEA ostal HimHAUSTE HR
& & A (Fig. 2).

gimi6)ol WES ¥igh Zol intact TG
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Fig. 1. GLC chromatogram of the fatty acid methyl esters of intact (A) and Grignard
reagent-treated triacylglycerols (B) of the seed oils of T. kirilowii
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Fig. 2. GLC chromatogram of te fatty acid methyl esters of deuterated triacylglycerols of the
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seed oils of T. kirilowii.
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CTA ®¥E pancreatic lipase®t W4
Candida cylindracea, Chromobacterium
viscosum, Geotricum candidium, Pseudo-
monas fluorescens, Rhizophus delemar, R.
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3 B#Egle]l mkoMHEHAHdata ERE), g
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BEY £ Qe BE [27~29]0] o] #Fu
dz] A= sl

A KEANZ  uvixl I  dTGE
Grignard RA%E F3IY dDGY RBa&Mm=E &
Skt o] dDGE Yo SRE #iE
Fiko] wel dDG-urethaneso 2 FMk/Lal
o & dDG E&# (S)-(+)-1-(1-naphthyl)
ethyl isocyanate®} 4-pyrrolidinopyridineS
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dDG-DEU FHiE4kE H&H Miks A
o BRE BREkk dod BERMHE hexanedl
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AN HE vl o)l 1, 3- 1, 2- 2 2 3-
dDG-NEUR Z#%8 + ey, £ 3sE,
oo}l e BT TG BEiEH®ES B
#Z EF (deuteration) A A FSEFMER Ol ¢
B#id deuterated TG (dTG)E ##fidte o)A
& oA ERET HELR WMok
dDG-NEUZ FHEk{k3lc}t o] & HPLCE
oWF HREE Fg 3-B (BlsElE)dA BE
upe} ol 1) 3- 1, 2- ¥ 2, 3-dDG-NEU ¥
ot EAReR ARESA BES v MES
g9,

B 2 FBS GLC-MSE ##Hd e
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FEAE D et 23u olE HEES 2T M
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I EXFEEE RA--3d. &, 44 ionftde
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3 HIERAN BB = I FH4
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fluorine€ 7FHong HA KSR chargego
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Fig. 3. HPLC resolution of (S)-(+)-1-(1-naphthy)ethyl urethane derivatives of diacyl-sn-
glycerols prepared from TGs of palm oil(A) and deuterated TGs of T. kirilowii(B)

PDF-deuterized FA

1 Free fatly acid

Fig. 4. TLC chromatoram of fatty acid-PFB ester (A) and free fatty acid (B)

Adsorbent ; kieselgel 60 Fasy
Developing solvent ; hexane : acetone (98 @ 2, v/v)

Coloring ; sprayved 50% HxSO4 and charred at 150T
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Fig. 5. Positive-ion electron impact (EI, 70eV) mass spectra of deuterated oleic acid (A), linoleic
acid (B), punicic acid (C) and o -eleostearic acid-PFB esters (D)

289
‘ pppDODD me— BE
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HEHEBEH O FE
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o. L, .
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T I T T
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Fig. 6. Negative-Ion CI (CH4) mass spectra of PFB deuterated punicic acid (Cigs acire1a) (A)
and a -eleostearic acid (Cig3 gc11013) (B)

- 224 -



12 BER - 2RK - Rk BRI CRAE

100
CHy( 2 - — T
CHa»-CH-CR- -
3 ChH (CH;),(E O1CHa~ F A
o o F F
181
] 196(181+CH
-
T —_—
100
287
py pp WM EF
CHS(CH2)-CH-CH~CHy-CH-SH~ (CHayC-0 cu,—OF B
50 o FF
181
196(181+CHJ”
0 - T T T
100
20
ppopo D ) 5L c
CHy(CHx-CH-CH-C-Ca-H-CH-(CHC - CH:-OF
) FF
0 181
196(181+CHY™
0 T T T T
an
100 D a F_F
D
cmcméﬂ-gﬂ-(cmﬁ-o CHrOF
FF
o 181
196{181+CHY”
o : L ]
100 200 300 M72)

Fig. 7. Negative-ion chemical ionization (NICI) mass spectra of PFB esters of deuterated oleic
acid (dz=Cigo, A), linoleic acid (d4-Ciso, B), punicic acid (de-Ciss, C) and eicosamonoenoic
acid (dz~Capo, D)
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Fig. 8. NICI (CHs)-mass spectra of PFB esters of deuterated fatty acids of triacylglycerols from
the seed oils of T. kirilowii (A), M. charantia (B) and A. fordii (C)
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Table 1. Fatty Acid Compositions (mole %) of Total Triacylglycerols from the Seed Oils of
Trichosanthes kirilowii (A), Momordica charantia (B) and Aleurites fordii (C), Before
and After Their Deuteration

E g Trichosanthes kirilowii | Momordica charantia Aleurites fordii
atty aci
GLC" PFB” GLC" PFB” GLCY PFB”
Ce:
e 48 46 18 16 2.4 2.2
cl ' 3.1 3.0 12.3 12.0 1.7 1.7
18109 11.8 174 5.4
Cigrw7 0.7
d2-Cigo 119 179 55
Cigz 382 10.6 85
Cis:26iso0) 0.7
ds~Ciso 39.3 10.8 83
Cis3 se11t1ic 38.0 0.4 0.3
C183 911113t (2)}1 571 81.2
Cies otz 411 577 82.0
de~Ciso 0.2 05
Con1wo 0.1 03
dZ_CZOZO
a;ref. 6

b ; relative intensity of each (M-1) ion peak to the sum of intensites of total (M-1) ion
peaks, produced from total dTGs of each sample by GLC-MS.

Table 2. Distribution of Fatty Acids in the sn-1, sn-2 and sn-3 Positions of Total
Triacylglycerols from the Seed Qils of Trichosanthes kirilowii

Intact TG .. Deuterated TG
composition deuterated composition”

] e % T AL R e 10 o) o) ot
Fatty acid ™€ % fatty acid  mole % 1, 3-dDG” 12-dDG" 2, 3-dDG” sn-19 sn-2” sn-3" sn-2
Cis 43 Cia 16 53 63 25 88 3l 12 45
Cigo 31 Cigo 30 35 32 2.3 44 20 26 24
Cig149 118 d2-Cigo 119 12.8 132 9.7 163 102 9.2 128
Cig147 0.7
Cis2us 382 ds-Cigo 393 317 388 414 3.1 425 403 41.2
Cigzisol 07
Covne B0 | aCep A 06 B/ M2 M9 02 464 30
Cigz scamn 6}1
Ciga autiize ’
o 02 | g O 01 01 01 01 0z 0l

*a ; relative intensity of each (M-1) ion peak to the sum of intensities of total (M-1) ion
peaks of PFB-derivatives of total deuterated fatty acids, by NICI mass spectrometry

b NEU derivatives of 1, 3-, 1, 2- and 2, 3-dDG obtained after hydrolysis of deuterated TG
from Trichosanthes kirilowii seed oils with Grignard reagent.

c; (3 x dTG)-(2 X sn-2, 3-dDG)

d: (3 X dTG)-(2 X sn-1, 3-dDG)

e; (3 X dTG)-2 X sn-1, 2-dDG)

f ; fatty acid composition of 2-dMG fraction derived from hydrolysis of deuterated
triacylglycerols with Grignard reagent.
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Table 3. Distribution of Fatty Acids in the sn-1, sn-2 and sn-3 Positions of the Main Species
of Triacylgiycerols from the Seed Qils of Trichosanthes kirilowii

Intact TG total dTG fraction
DT MDT. D.T. PT.

fatty mol%” | fatty mol%” o
acid acid sn-1" sn-2 sn-3|sn-1 sn-2 sn-3|sn-1 sn-2 sn-3|sn-1 sn-2 sn-3
Ciso 48 | Cieo 46
Ciso 31| Ciso 30
Cig1e9 118 [ de-Cigp 119 421 209 101 375 101 52
Cig1a7 0.7
Cigaus 382 | di-Cigo 303 | 603 485 387|291 331 3H2[(541 731 654(281 3H3 359
Cisztiso 0.7
Ciza sz 380 | de-Cizo 411 | 396 514 613|289 460 547|458 267 345|344 546 589
Cigs e 2.1
Ci3 i 04
020:1 @9 0.2 dz-Czozo

*a) mol % by GLC
b) relative intensity to the sum of intensities of total peaks of PFB-derivatives of total

deuterated fatty acids of total TG, by NICI mass spectrometry
c) ¢f Table 2
d) ) ; dienoic acid, P ; palmitic acid, M ; monoenoic acid, T, ; punicic acid.

Table 4. Distribution of Fatty Acids in the
Triacylglycerols from the Seed Oils of Momordica charantia

sn-1,

sn-2 and sn-3 Positions of Total

Intact TG deuterated TG
. composition | deuterated  composition® 1, 1, 2, ,

Fatty acid -1¢ el ot
an mol% | fatty acid mol% 3-dDG” 2-dDG” 3-dDG” 5 i S S
o 18 Ciso 16 18 14 16 16 13 20 20
Cisi 123 Cigo 120 131 105 124 113 97 150 102
Cig:wo 174 dz-Cigo 179 183 176 178 182 172 185 188
Cigv6 106 di-Ciso 108 94 131 99 125 136 62 150
Cig: achiense 04 ds-Cso 517 574 574 583 %4 582 583 539
Cigs gz 57.1

‘a ; relative intensity to the sum of intensities of total peaksd of PFB-derivatives of total
deuterated fatty acids of total TG, by NICI mass spectrometry
b ; NEU derivatives of 1, 3-, 1, 2- and 2, 3-dDG obtained after hydrolysis of deuterated TG
from Momordica charantia seed oils with Grignard reagent.
c; (3 X dTG)-(2 X sn-2, 3-dDG)
d; (3 X dT®-(2 X sn-1, 3-dDG)
e; (3 X dT®)-(2 X sn-1, 2-dDG)
f ; fattty acid composition of 2-dMG fraction derived from hydrolysis of deuterated
triacylglycerols with Grignard reagent.
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sn-1-Cigzos, sn—2-Cigz  scatz,  Sn-3-Ciss
s sn-1-Cigiws, sn-2-Cigawe, sn-3-Cigs
seae 3t Y EREBER EMfko| 9 tHTable 5).
Table 49} 5¢] #R7F #F9 £ZREE Holy
K7 vERER REERAA Ciua scnundl B
7t sn-2 E sn-3 B REIZ IS
o ¢ AT

FHH e HEE B # TG 80% Lk
£ AAINR e HM TGHTFHEY (Css
se11303%0 2 Cigs szt glyceroli@do] 13
g &S & F e (Table 6), 2 4
o SFMEY  (Cis206)(Cis3  seaaz)z  (Cigrws)
(Cigs seuieiaz® (Cie0)(Cigs acaaach A o F&
AE sn-1-Cigzvs, sn-2-Cigs seairizm, sn-3-Cigs
szt sn-1-Cigiws,  s1-2-Cigz  seiniz,
sn-3-Cigz gtz 2 sn-1-Ciso, sn-2-Cisa
stz S~3-Cigs szt T H MRER B
fko] $ H(Table 7).

KR Ffdhe Eimiss) BB AE B
o FEEFIREEERC] sn-1Bth sn-3frEo] EF
A$HA FESTn gA UeH30) Lk
HRAME stEEte e AFEEAN SES
TGoll 4 3+= conjugate trienoic acide sn-1
BEET sn-3 LB REsta ASdd

—i FEIFERS] A AME KW acetate’} HBH
/RSl fatty acid complex synthetase}:=
R 93t elongateslo] —-EF REEZ
olo] gufIfEIEE L2 S EM([31], o EFIIEES
foll desaturase?t fEfSIS TEERNGRIE o) o
EojA 1 Slvtn <A ¢lev punicic acidit
@ -eleostearic acid®} £ CTAY A&l @
g HEe 2% gt = OTGY 44K
mechanism& ¥.H phosphatidate”} specific &
phospha- tasedl 93d mALESS 1,
2-diacylglycerol (DM)E sl o] 1, 2-DG
ol diacylglycerol acyl transferasec] ¢Ja}ef Aj
2 acyl¥7t sn-3 frfiol EAHC w=zZA
TG7t &dv &84 Qoui32], 9 CTA
feihfge] sn-2 £ sn-3 2B (R&sdld &
#Ee7hE BB E ARKBY HREE R
WEEstt . AR

4, & W

TGS CTA B# = pancreatic lipase9t #4

KL, Pentaforoberzyl{t S GCMass Spectrometrye) 98 Conpgate Trienoic Acid% Tracylgycerol H78¢) KRN 2% 15

¥ Candida cylindracea, Chromobacterium
viscosum, Geotricum candidium, Pseudomo-
nas fluorescens, Rhizophus delemar, R.
arrhizus®} Mucor miehei®) lipased] 23t fn
Ko@=A @ston, = o] BEE Grignard
Ao o3t AHy HHYS BET & U
t} &£ TG 2 HPLCIAM £HiEd =
TG7#€ D, gas® #EFI(deuteration)] #
deuterized TG(ATG)Z ®HE9] Grignard Ko
2 Bomko@dstd dDG BAWE 4R
8¢t} ¢] R & dDG-naphthyl ethyl urethanes
(dDG-NEU)FH k1L, 8} o HPLC<] silica
column®l A 0.4% propan-1-ol (2 % H,O0 &
#)-hexane®) HEE 1, 3- 1, 2- € 2, 3-
dDG-NEU FHH¥4&KE HEANSZ resolutiond
F AU & dDG-NEU #1508 KA A
AL FERISHRES IEIFEE-PFB estero & il
sty NICI mode®] GLC-mass spectrometry
(GLC-MS)2  #We #F % BbhRY
carboxylatel (M-1)"¢| parent peak® eb
onj  PFBH#x Bl o]k 29l
methane® fEMA3IY m/z 196 (PFB + CHy) &
2 charge® ] mass spectrum. o] o}F &
peak® e en I 49 OE& fragments
BeEA g s, o9F 9 mRY &
Fihel dTGY GLC-MSelA deuterized oleic
acid (d2~Cigo), linoleic acid (d4—Cige), punicic
acid  (ds-Ciso)®F  eicosamonoencic  acid
(do-Cx0)9] parent peak?l (M-1)7} m/z 285,
287, 2897 3174 BIEEY o9, GLC-MSE
WES deEE 8 dTGY sk Eme
Cisor 46 mole % (4.8 mole %, intact TG by
GLC), Cigs 3.0 mole % (3.1 mole %), da-Cigos
11.9 mole % (125 mole %, sum of Cigi1.9 and
Cig1o7 of intact TG), ds-Cisos 39.3 mole %
(389 mole %, sum of Cig246 and its isomer),
ds—Cizo: 41.1 mole % (405 mole %, sum of
Cisz scaieize, Cigs acuisr and Ciss  orueis),
d2—Copor 0.1 mole % (0.2 mole % of Cxie9) %
3l5 449 intact TGS FERBMR (mole %)
I A9 —EIHAY AF EFHY TGAME
Cisor 1.5 mole % (1.8 mole %, intact TG by
GLC), Cigos 120 mole % (123 mole %),
d2-Cigr 169 mole % (174 mole %, sum of
Cis1609), da~Cigos 11.0 mole % (106 mole %,
sum of Cigze6), ds~Cigos 58.6 mole % (57.5

- 228 -



16 HBER - K - HEE

BRI RS

Table 5. Distribution of Fatty Acids in the sn-1, sn-2 and sn-3 Positions of the Main Species
of Triacylglycerols from the Seed Oils of Momordica charantia

Intact TG total dTG fraction
MTe" SiTe DT MDT4

fatty mol%” | fatty mol%” o
acid acid sn-1" sn-2 sn-3|sn-1 sn-2 sn-3{sn-1 sn-2 sn-3(sn-1 sn-2 sn-3
Ciso 18 Ciso 46
Cigo 12.3 Ciso 30 539 124 112
Ciz109 174 |} dp-Cigo 119 § 562 182 113 631 228 250
Cis2e6 106 | dse-Cizoe 393 443 105 112|266 579 258
Cigz sciieiie 04 [ dsCiso 411 | 436 819 989(461 875 87[555 990 985113 193 532
Ciz st 57.1

*a) mol % by GLC
b) relative intensity to the sum of intensities of total peaks of PFB-derivatives of total

deuterated fatty acids of total TG, by NICI mass spectrometry
c) of Table 3

d) D ; dienoic acid, S ; stearic acid, M ; monoenocic acid, T ; @ —eleostearic acid.

Table 6. Distribution of Fatty Acids in the

Triacylglycerols from the Seed Oils of Aleurites fordii

sn-1, sn-2 and sn-3 Positions of Total

Intact TG deuterated TG

., composition | deuterated composition”| 1, 1, 2, 4O o o) of
Fatty acid mol% | fatty acid  mol% | 3-dDGY 2-dDGY 3-dDGY " 19 sn-2¥ sn-3” sn-2
Cieo 24 Ciso 2.2 2.1 24 2.1 24 24 18 29
Ciso 1.7 Ciso 1.7 1.5 19 1.7 17 20 13 18
Cig1u9 54 do-Cigo 55 5.7 57 51 57 50 52 53
Cis2.6 85 ds-Ciso 8.3 86 80 8.3 83 76 89 74
Ciss somise 03 & Cuo 820 817 817 826 808 830 825 826
Cis3 selicse 812 )
o 05 6Cos 03 04 03 02 05 03

‘a ; relative intensity to the sum of intensities of total peaks of PFB-derivatives of total
deuterated fatty acids of total TG, by NICI mass spectrometry
b ; NEU derivatives of 1, 3-, 1, 2- and 2, 3-dDG obtained after hydrolysis of deuterated

TG from Aleurites forditi seed oils with Grignard reagent

c; (3 X dTG)-(2 X sn-2, 3-dDG)
d; (3 X dTG)-(2 X sn-1, 3-dDG)
e; (3 X dTG)-(2 X sn-1, 2-dDG)
f ; fattty acid composition of 2-dMG fraction derived from hydrolysis of deuterated

triacylglycerols with Grignard reagent.
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Table 7. Distribution of Fatty Acids in the sn-1, sn-2 and sn-3 Positions of the Main Species
of Triacylglycerols from the Seed Oils of Aleurites fordii

Intact TG total dTG fraction
Teis” DT, MTe PTep

asa) lo/b)
Zacté!y mol?s iiggy MO0 N sn19 sn-2 sn-3|sn-1 sn-2 sn-3|sn-1 sn-2 sn-3|sn-1 sn-2 sn-3
Ciu 24 Cieo 22 801 231 165
Cisu 17 Ciso 17
Cis 09 54 | dz-Cigo 55 710 55.1 202
Cis:u6 85 [ daCigo 83 792 567 292
Cigs seuetae 03 | deCiso 820 | 995 989 998|205 432 703|234 442 895|197 768 834
Cigs ez 812
Covr1we 05 | &Cxo 03 16 05 01

*a) mol % by GLC

1) relative intensity to the sum of intensities of total peaks of PFB-derivatives of total
deuterated fatty acids of total TG, by NICI mass spectrometry

¢) o Table 3

d) D ; dienoic acid, P ; palmitic acid, M ; monoencic acid, T4 ; @ -eleostearic acid.

mole %, sum of Cigz iz and Ciss ociise)
oM, o] #RE oF9 intact TGS HEHsEEE
B (mole %)% Ao —E3MGch i &k
9} TGIIME Cio 2.2 mole % (24 mole %,
intact TG by GLC), Ciges 1.7 mole % (1.7
mole %), da-Cigos 5.5 mole % (5.4 mole %,
sum of Cigies), da~Ciso; 8.3 mole % (8.5 mole
%, sum of Cigzue), ds—Cigo 82.0 mole % (81.2
mole %6, sum of Cisa g1z and Cigs genize)
o] B2 intact TG FERFEEMIAL (mole %)3} —
gatdoh steetEe TGA+E Ciss snuast
Ciszest 22 TEIRISIGEE S glycerol BpiLol
sn-2¢F sn-3¢] XA A ddeon, HETRE
< sn-19 REN AT, TG FE 5 Ff#
Y (Cig2u6)Ciss  seaze)z?l e sn~1-Ciszus,
sn-2-Cigs scinize, sn—3-Cigs scinix® VAR
Bk AFAelA,  (Cis1u9)(Cis2es)(Cias
seii1z) 2] FEiBolE sn-1-Cigies, sn-2-Ciszus,
sn-3-Ciga a1l VAR EitkrE Ad @
ko1, (Cisze6)2(Cigs  sonniz)®  (Ciso)(Cisa
acitiz2® TN E sn-1-Ciszus, sn-2-Cisoe
6, sr=3-Ciga scnezedd sn-1-Cigo, sn-2-Cigs
etttz SP—3-Cisz sciniz’t FE VI {EERR RN
fkolet. o F9 FAFKMLT BITGY HrlE
Wl iRBRPHOE oW HRE Cuas
9c,11t.13rTL_" sn-3 ﬁilﬁ"“ %:F i]‘orﬂﬁ ﬁ({?ﬂ’-ﬂ

Ao Cigrwss sn-380} sn-13} sn-2 (rfE
of fREEstT UNT, FE HTHELY (Cisrwes)
(Cigz  seniz2E  sn-1-Cigiws, sn-2-Ciga
seita, SN=3-Cigs scnnzn®] MAKER R#kr)
Kiiaoli, (Cieo)(Ciss senmises S FfEd=
sn-1-Cigo, sn-2-Cigz acniz, S7-3-Cigs seaieis
o) VAREREMAAIE AY ®dow, (Cisawe)
(Ciez scinz)z® (Cig109)(Cig206)(Cigs seiniz) @
SN sn-1-Ciszes, Sn-2-Ciza  sciiis,
sn-3~Cigz o113t sn-1-Cig1a9, sn-2-Cigzus,
sn-3-Cigs senz’t EH KRR K] o)
A Jh e TGol= 80% LLbEg A8k ¢l
v Hfl TGHTHEY (Cus wnuxksd B4
X S5THEY (Cis2esXCisz acnian)z, (Cigles)
{Cig3 senneia)2® (CieoXCiss seainize)2?l A 2 T
Ae  sn-1-Cigzes, sn-2-Cigz  geamazm, Sn-3-
Cigz g1zt sn-1-Cigrwg, 5n-2-Cigs sciieia
sn-3-Cizs  seann 2 sn-1-Cigo, sn-2-Cisa
seanniz, Sn=3-Cigz scania’t FH VHRERRENK
ol o)

Lol

‘o] WIS 199F K WERBriRRVE] W
Fe#gol ot A E A (KRF-99-G00110)" &
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