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ABSTRACT

All the triacylglycerols including the molecular species having 4°-unsaturated fatty acids from the
seeds of Pinus Koraiensis, were split into a mixture of diacylglycerols by a Grignard reagent prepared
with allyl bromide without arousing acy! chains of a glycerol moiety to migration, and were also easily
partially hydrolyzed to diacylglycerols by pancreatic lipase. (S)-(+)-(1-naphthyl)ethyl urethane
(NEU) derivatives of the diacylglycerol mixture derived from the triacylglycerols were fractionated into
sn-1, 3-, sn-1, 2- and sn—2, 3-DG-NEU by silica-HPLC and the fatty acid composition of these
fractions was analysed. Cis:1e9 is distributed evenly in the three positions of TG with Cis:2ws mainly
located in sn-2 position, while 4°-unsaturated fatty acids such as 4°°-Cis:2, 4°%'2 -Ci18:3 and 4"~
C20:3 are exclusively present in the sn-3 position. These results could be confirmed by “C-NMR
spectroscopy : the signals at 6173.231 ppm and ¢&172.811 ppm of the carbonyl carbon of acyl
moieties indicate the presence of saturated acids and/or Cis:1w9 (oleic acid) in the a(& )- or §-
positions, and Cis:2ws including Cis:1e9 in the f-position, respectively. In addition, the resonance at &
173.044 ppm suggested a location of 4°-unsaturated fatty acid moiety in the @{@ )—position.
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Table 1. Distribution of Fatty Acids in the sn-1, sn-2 and sn-3 Positions of Total Triacylglycerol
from Composition of Total Triacyiglycerols from the Seed Oil of P. Koraiensis (mol%)

. Total position
Fatty acd  1500) 1, 3-DG¥ 1, 2-DG” 2, 3-DG”  sn-1¥ -2’  sn-3  sn-2"
Ciso 48 6.0 22 1.0 124 24 100 15
Ciso 20 31 0.0 0.2 56 -0.2 6.0 0.1
Cisrwe 25.6 249 305 25.5 25.8 27.0 15.9 275
4°-Ciez 23 34 0.3 3.0 0.9 0.1 6.3 0.4
Cisz ws 46.1 355 629 44.8 487 67.8 125 67.2
4>**-Cigs 160 237 29 23.0 20 0.6 422 05
Ciesws 05 04 0.2 0.1 13 0.7 1.0 0.6
Cigsws 0.2 0.2 01 0.0 0.6 0.2 0.4 0.3
Caso 03 05 0.0 01 07 -0.1 08 0.1
CanWe 0.9 12 0.7 1.0 0.7 0.3 1.3 0.4
Caoz@s 0.5 04 0.1 0.1 13 0.7 1.2 0.6
AM-Cns 08 0.7 0.1 1.2 0.0 1.0 23 0.8
*a = NEU derivatives of 1, 3-, 1, 2- and 2, 3-DG obtained after hydrolysis of total

TG with a Grignard reagent
3 X TG-2 X% 2 3DG c =
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d =
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Fig. 1.

Chromatograms of the (S)-(+)-
(1-naphthyl)ethyl carbamates of 1,
3-DG, 1, 2-DG and 2, 3-DG Derived
from Partial Deacylation with a
Grignard Reagent
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Fig. 2. ®"C-NMR Spectrum of TG Isolated From P. Koraiensis Seed Oils
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Table 2. Chemical Shifts for Carbon Atoms of
4°-and 4%-unsaturated Acyl Chains of
Some TG Species from the Seed Oils
of P.Koraiensis

P. koroiensis " fr. 16 Refd)) Remark
CarborNo. - e {r. 14
Giycerol 8- 638851 68.80 63850 6887 Cis2we
a- 620815 62110 6209 Cisiwe
62148 6153 4™ -Ciga
c-1. 8- VT8N MR MER IR Ciszws
e- 1B 1m28 17321 Cisrws
17304 173060 173082 A-Ciaa
c2  f- WM 3MIM5 M1TW 3418 Cinzwe Cimwo
a- 340166 340158 02 Cimws Ciaws
4 naR VAW Ve AVCy
C-3  #- umn 4388 4861 U85 Cisrwe, Cinaws
- 2837 U0 UBD Cisiwg, Cis2ws
21760 UBE UWR UK AP -Cie
-1 1413% 13 Cimiws
10828 14097 100 1403 A Cyey
540428 1428 1427 Ciszws
-2 22660 s an Cisrws
258 2% nSW BN Ciszws, 4>*-Cisz
”-3 318002 3190 3192 Cisiws
6B 315 ASR A Cizwe 4>*~Cigs
Allylic BT 27% 274 c-12 of Cimi .
2690 29682 29688 C-7 of Crzzws
226119 259 C-14 of Cizi s
295118 2952 2517 C-70of Cimrws
C-13 of Cig)wg
236 %313 2318 C-150f Cimiws Cisaws,
saz
183
21548 2170 218 c-Sof Ciprwa Ciszws
21114 2016 2112 C-4 6 of Cissws
€4 6 of Cig2ws
265488 .
C-8 1ot Cimwse
22084 p AL 7187 ¢4 14 of Cipz ws
c-1,8 14 of 4%-Cieq
Y ) WS BRY EB Cdof I (g
56745 s mes mm OV« Cmo

C11of 4%-Cigy
B62)12

Olefin in Oleic-linoleic

C-13 of C182w6,

130214 10182 130220 13019 C-10 of CIE1 09
1201% 1D  1299% 12008 C-8 of C18206.(2)
1298 12969 12969 C-9 of CiBlw9fe)
128079 12805 128089 12807 C-10 of Ciszeral(8)
7180 WSH 1w 1788 C-12 of Ciazwe(#8)
Olefin in 459,12-183, 459-182, 45)1,14-203
130374 130363 13038 13037 C$of 4Lz 4*Crur
C-13 of 47-Cus
130301 130310 1039 12020 Co1L15 of gvg,
12919 129192 129197 12019 C-5, 9 of 4"¥Cuus 4*-Cps
128746 12878 128.740 12875 C-10 of 4*¥'-Cy»
™
128612 128615 ) 1 C-12 of 4M"Caa
128 1286 C-10 of 4**-Cua.
127758 w1 mae C-12 of 4™%C,,

* fr. 14 and 16 ; fraction 14 of Cisian/ Ciazws/
4%%2-Ciaz and fraction 16 of (Ciezws)2/
4***-Cias species collected from Ag*-HPLC (6)

BEm LR R
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I &gt
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(@ )ALE = fATE &AL S-S Y
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(Fig. 3)1#l, Table 204 M= u}s} 7ro] RipEe]
73 ke signals 6172.817 ppmell xEs}
€ A& B Cisamso] A5 0] 9128 e}
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BT Y-8 T F 9ok M TGY &9 E el
Al AR RFES Cisiwws} Cisoms®] M8 signal
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Fig. 3. Chemical Structure of Triacylglycerol Species of sn-1-Ciatws, Sn-2-Cieras, sn-3-4*-Cies Species
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ppm signal2 e-fifiEol] Cis:wo9} Cis:me S BAAT
o8] TREHIfELEEC] BAFslL A& JENIF
i 31}, Fraction 149] "C-NMRellA] #7225 kg
signal% fraction 169] -FHEclA< Xol#| ¢k
034.0158 ppm9 peake a(@ )- firEol FAEskiL
R+ Cisiwed] C-2 JRFHE< H#MB signalel™, &
33.4322 ppmelA] signale a(e )firiEol] 4%
Cig:s, 43" Casl 4*°-Crga®} 22 4°-fRiRR
o C2 BN EETEE AARAN. C-3,
allylic, w3, @29} carbon shift FE-& v <}3] HFE
gch 2elvk st TG FRbhlE B 4 Jlo=
2 & signal$ BEIEE 4 AU C-3 KK
carbon shift FE# (K#& 624 ppm)eillAl 624.8337
ppme BATE #FAESHE Cisiwwdt Cismwe] AN
EIFIRE ) a(a )AriEol #5450 U EEFIFREIER
2] C-3 fRFES) R signalo]oH'?. 824.7603 ppm
& a(d )fiEol FFAESHE Cisawe, Ciswe} 4
2 Cig:39) C-3 MR signale] 2, 626.5488 ppm
£ A-FEDERS] C-4 3RS signalelct. RFIFRES
B2z} FREFIIERESQ) Cishwod) Cismwed] 0-3 &
%ol FERBE LIRS (REHIER (031.976 ppm) > Cis

9 (831.954 ppm) ) Cis:ws (831.567 ppm)) & #
¥ =, «-39] carbon shiftell 4] 631.8942 ppme}t
031.5138 ppme K& Cisievd} Cismwed] IS
signalel 2t = A 245 22 HAL signald
assignment Table 261 Fo1xl vle} 2e}. QOlefin
carbon shift®] SR (K#& 6127~0130 ppm) & =
W 11489 signale] doixl+&dl, 6130.374, ¢
130.301, 6129.193, 8128.746, 8128.612%4 &
127.758 ppm&] MW signal& 4°*2Cigs, 4%~
Cisz, 4°""Cao39] &89 jRFEolA BkE A
olg}x o} ¥ Z 8130.374 ppme 41
Cis:38} 4°°-Cis29) C-6 JRFES signale]lz, &
130.301 ppme 4°*"Cis:39] C-13 Kt 4
SUM-Co0:39) C-113 15 $RFEIA] Bzks Zolr}
0129.1933} 8128.746 ppm-e& && 4°°-Cis29}
4°°"%-Cig39] C-5, 9 %S £ signals}, 4
-Cis39] C-10 RFEY MW signalolc}. &
128.612 ppm& 4°*°-Cis:29] C-10 %K<} 4
SM-Ca0:39) C-12 KHEY KB signal®, o
127.758 ppm< 4°*-Cia:39] C-12 e tng
signal® A3k Kol 6130.214, 8130.130,
0129.693, 6128.079%} 8127.892 ppmell A $iEE
5 KM signal¥ 6130.130, 6128.0793 &
127.892 ppm&] peakt Bl ester{b=ol 3l
+ Cieme] C-9, C-107} 12 15E2] M8 signal
o]}, 6130.2149} 8129.693 ppmellAl signal& a-
firiEel esterit=le] 1+ Cis99] C-1034 C-9 1%
o] #MRell 91 Aelth B, 6130.214 ppmelle
Cisaws®] C-13 K2 MR signals EfH o] 3§l
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€ A 2o A TGY “C-NMR 2HE 4 7}
7 FEe] ¥ Ciwsd SANEN FRAESIT Je
€+ 4 F U3, = Cisiee9t 4°°7-Cis3e} 22
A -TRFIRRARE -2 a-frEol {EZE%H ;J°1 Ak 3
Ry el R 2 —3Ek Q-8 ¥ Fn
Aet. HWEES TG (Hol= Wit mifg)+ Fral
phosphatidic acid #2B&E AAMA EARE 2 Sl
® Z  glycero-3-phosphate”} glycerol phosphate
acy] transferaseﬂ} acyl CoAell &3} acylation
o] lysophosphatidate2 =} 3 °]Z o] t}A] acyl
transferase®} acyl CoAll 2}3led phosphatidate &
#|3lct o] phosp-hatidate phosphataseo] £]
3l diacylglycerol (DG) & ks E=l=, o] =
£@E DGol acyl#E~} diacylglycerol acyl
transferase®] MBIEAERl 23l sn-3 fiLEol
ester{bdled TG7 g et o] Kol BREs=
B S-S triacylglycerol synthetase complex2]
K3 HiBe] /MiE#(endoplasmic reticulum)2] B
of ¥4l Jlatx Fct. old BRI AR
¥ERoN A B TGoll 2|22 FrfEs= 4°-NMDB
BEliERe] sn-13} sn—20l+= Ao FrAEstx] @
sn—3 LLE"“ ﬁE‘G}'—L—))\L A?. XA}"’] TG EEA&
Bffol] Rl v B —H kb
TGAHel MR MR ¥ 71A o & #it
< 7ML Y-S Ha F2 ok 2 fte s o
+3% 2 AL A4S 4+ U, F, 1
phosphatidic acid®] sn-13} sn-2 fiiEE ester{ k3t
+ acyl transferase™ 4°>-NMDB Jgihlel 4°-
ethylene bondell & B S 74 2 QlA] &3t
v, sn-1, 2-DG9) sn-3 fIE-E acylationdh= acyl
transferaseR?t = ¥ES 71X  UA %&7 A7t
=3, = 2 glycero-3-phosphatedll Al sn-1, 2-DG
ol 2] acylation®} 2 o5 Bl phosphatidate
oA Hg® sn-1, 2-DC7} acylation= o} TG7} 4
ARH s B MERAY A2 o9&
compartmentoll A o] F9 A 4 Qctele A=
PR 4 9. ol SRI HLEQ) K
Sioll BARERRSEHQ] fiimmolA At IBES RS
ZEY VFE oty s 3 fREY 4°-
NMDB fgfii#&o] sn—3 firEol RFE=lo] Qlemg
7t fRE o) WLE S BB A R l=lAle) /£

L3 b -

F€ el 4°-NMDB feisEee 4A ko=l
o] FMERI D2 2-MGe) R A5 TRk
2 2oz HEIE 4 Slotk. At Pl ol A
o] 1= pinolenic acid (4°***Cig3)7} A2 Hig
MIFSE R BER7E hohe #g™ Vs
sciadonic acid (4%>'""*-C20:3) 7} £ A A
arachidonic acid® H&E  Slche 88 flol
£ 2 JEH 33 BB HgkE 33 A
oz B JREHS BRATBH itk BT TR
7} B} Fiho g o] Foizlon jir}

V. #®%&®

o] fRES Er]ol el &S Mk e
Bol 2| E4TY B B S Rkt
et Allyl bromide s #Hsled 2hE Grignard 3,
o ol R HFA BEIE YodlA Yt E
2ol A &S HMMKIEE + Az, =
IS lipases 4°%'"Cis:39] ol A 2848 414
ksS4 181t} Diacylglycerol®] (S)-(+)-
(1-naphthyDethy] urethane (NEU) Z5:8#8 = silica
Zd FollA sn-1, 3-, sn-1, 2- ¢} sn2, 3 DG~
NEUZ 45#E=I o, total TGS IR #
VHRERE E 2 Cisieos TGY sn-3 4
ol HEH) 1% sl Ao, Cisawse
*2 sn2 frE sAastAch olol Kt 4%°-
Cis:2, 4°°2-Ciga8} 4" Cap38} 22 4°-Aff1
IR sn-3 firEol BERe 2 fgeslich.
o] ¥R+ "C-NMRA% E 24 |EAE 4 U
o & A EgoldZEAEY "CNMR &9 E
gloll A BIHINRRFRR J9ZE -+ Cisiws (oleic acid)7]' a
(@ )AriE = fHrEel #Haste deS
£ 6173.231 ppmoll A Y] signale] #iEEs 2, = 8-
{iriEel Cis-aws (linoleic acid) 2} Cis:1wo (oleic acid)
o] FAES BPRSH: 0172.811 ppme signals a
(d )fLiEel 4-AeFfEbEe] #rES Jeb
F& 6173.044 ppm9] signalc] BEEE 22 Cisow
ot £2 FEAE] Biko] TN, 4°-T R
PR a(d )frEol FAESHL QU284 3
Rt
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