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2,4,6-Trinitrobenzene sulfonic acid sodium salt
all=trans Retinoic acid
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Phorbol 12-myristate 13-acetate

N-(2-guanidinoethyl)-5-isoquinolinesulfoamide

hydrochloride
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WY VIEE (M4 v~ A Y —A) ZHMAEENE LX) XY AT L.
ZBERENL PR —HBRTABRATEI AR T T T4 =L oTH

ll}

97% Ll & (TLC-FID®¥) iHBMLeboxrMnike., 49 g iR
Gk, MR T ah (AR EEE () ) 2KIRIECLDOKEEILD Y
PATyEL, BIZBEIBTHZ LIZEIVMEULE. iEE LTHY
eV ta—i3dinhr MR EEz IS4 7 20 (k) TVWAFL
i

PLA2 (EC 3.1.1.4) X, 7 ZIKMghXk o b 0 % WhF iy L) X v
AF L. BF%E. dAE K25 (191.4 units/mg powder) L7z @ %
fe. BEREMEIX, De Hass 32D Hgha b LicpFuiZ th cillE L k.
bbb, T HAEEHKIOOmUZ W Licioml o, Mk b v v
L (BRWIEE6X10°M) BIXUOTFTAF v a— g (BidE2.7x103m)
AM . O.INARALF RV o ACpHS.0I &b Wil Wil % Iz T(&
m3I0mD RIS EPAM L. 15-30B#%. 7R bhrixzm& ) —n (1:1, v/v)

20mITRISZE L, OINKEIEFT MY U ATHWE L T 7T V) i

GEFAWEME (unit) Z ke, TunitiZ 19 M2 1w Y b ol il % 0 -3
BREHKIENE L Lic, £ 0o a5 ix 4 CTilili o Rl it & 72 X KW L b o
s n A




1-1.2 FABIAR—=F A2 X B> AXAF NENREIE

LPC 110mget A U UIEIEIEAY 180mgkh 7V o — )L 5500megiZ
i, PLA2(11484 units)#3 umold®Hiib bV 7 A% 4 $200mM
hU R —HRERA W (pH8.0) 0.5m I Mt U T B 3 0k 2 N % C I % BH U4
L. 800-1000 rpm THEHE LA 525°CTRIB 21T o o — & I ] Sk
sarBERNVLA AR ) —):k(10:5:3, v/iv/v) TIEERD 248 L. Zhs
Bepspak LU H i~ b0 o (Waters) LT, Y0 Rb LA R T
— A (10:1, v/v) TIHRIEM 4 2R Wik, 24/ — A Z2ZHWTY VEE
sy (ERERA77FVal) (PC)+RKIE LPC) #otL. HE»

e Lk,

1-1.3 &k o 5l

L2 VBB M4 %27 ~<~nvy RKSHI (¥ oy () ) ioftL.

s BERNVL AR ) — )ik (65:25:4, v/iv/v) TREI#%. TLC-FID (A
ThrBAFXY > TH-108B, ¥ bay (BR) ) £ X 5T LPCL PCOME %
L. E—2lmftt\mBRL:OHIY 7L —Larh—7EVLPC., PCO
MRk, LFIATRIZHE-> THLEK (Yield) #3IL K,

Yield(%)

= Synthesized PC / Substrate LPC Xx100(w/w)

8. TLC-FIDDWESLHIZRDOEY Th 5,

BEE AT b2 XXy TH=108 (¥ ey (#))
A MEHE . /7 r~no vy KSII

JREAVEWE : Jmaa R b A& ) — ) 2 K(65:25:4, v/v/v)
KFIET : 0.90kg/cm?

e KW 2.000ml/min
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mixture-PC) OEMKINIE. RINRIZBT D KGBRICE > TRkEL £ L
ENDZTLEBNabL?I k- THEENTWS, 22 CRIERIZBII 3 E
WAKGBZRKD DD, WIFE1-1.20 KIES&HFIZBW TR BRI %25 %

AR & TV R AR Z W E T 5 Z Lz X v il k4 iz o

WOREE L e,

1-1.5  LLEUNR ViR s bk o da it

BIFLI- 120 KIESKHICBWTLPCA2110mgd —Eiz L. A 7 ol 5 1;
it G OB 2 A X T8I M &K IK %2175 Z L X b, 2-Fatty
acid mixture-PCEHIRICB L IET IR It DIz > Tl il L 12,

1-1.6 3 LD Bt
PIREL-1.20 BOS AT U0 TREH DA 4 2 T8IE I G Wk BEIE AT 5 & &4C
S0, BEREEL TS WLTRE L,

1-1.7 BA o ABOKE
7 2 EME R PLA2IE . K S 8 SR BN CTIEHEIE B D e h 1z B L o
VAEBELT DN T MEIFRRE#R333D THBEZ LN TN S,
TIT, BIEI-120RIEEH T THA ST ARINE 28 2 TEH KK G4

1:1‘.5:&‘&’:;0\ i—’[}‘) jJ/]//ﬁA h_/)l/\'f}(ﬁnfbﬁ_o

L e S RN =

1-1.1 Kok

PLA2?D2-Fatty acid mixture-PCA &K I Iz 81 5 k4 it o g8 12 -
WTHH L7 (Fig.1-1) .

REPEMEE 0.25ml, 0.4ml, 0.5mITIXIGEHI OB L & bz Ak KD |-
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Fig.1l-1. Effect of water content on phospholipase A2-
mediated PC synthesis.
Reaction conditions:phospholipase Az 60mg, LPC 110mg,
EPA 180mg, glycerol 5500mg, 25°C, 800-1000rpm, 48hr.
*Yield(%) = Synthesized PC/Substrate LPC X100 (w/w)

Abbreviations:PC,phosphatidylcholine; LPC,lysophos-
phatidylcholine.

—mo—-20.25m1 —2—0.4m1 —O0—0.5m1 —o— 0.6ml




ANRBHI. 48IFHIZB VT 12.1%. 14.7%. 26.0% & 72V . 0.5mlD ik

BN TIHRb M 2ok, 0.6mIDOTEMTIE., MIMEEIZIAZ NS OO
24 R HLLBETREMHE D LR IZA BN o0, ZHIFEMU T2k 4 &
TATNVERIZEVAERLEKIZEY RIENEMIzE Lickend & bh 3,
RKWT . KIPERINEE 0.5m1 D BG4 T2 3BT 50 I B A 72 1 14
96IRF [l IZ #E £ L T2-Fatty acid mixture-PCO &K % 17 o foo S I8 IR
721 Ml T, 2-Fatty acid mixture-PCO &K A2323.6% . 965 [ D I Jits
T 27.4% L T8 ol BN 248 ML FIZIE R LT &K Ic K &

BLEAMBBOLNRNZ L, AU VIENIRBRIEAY O HhIZEPARDHA A
EDORILINRT WHUFARL < AEhBdZ Lol L T, %k
EINEZ 0.5mlE L. KSKEH %2 LUk 480 Rz & L Je.

1-1.2 HEIEBEE K

2-Fatty acid mixture-PCoO & &SI 12 B 1T B LTS i g bk o s #8812 —
WTHE LT R EFig.1-2 5T,
LPC%110mg& —Ziz L. A MBI ESY OENIE %22 2 T 4%
RIS 24T > e 9. 180mgk TIEMX BI5GB BN IN4 5 1c oh 2.
Fatty acid mixture-PCO &R EMN EH L, 180mgiEMIc B\ T26.1% &
Rolee ENL LDO300meg. 600mgDEMTIXAIRKD LSHNL SN,
TNEN26.T%., 260%ICL EE o, LLEDHRIY., PCOA KK L
DD, LPCIt L~ R LoOKEIRNBENLECH Y . I 1t
LPC 110mgizxf LA T il IF B IR AW A3180me. L LL CIk# 1:3 23
W2 TH D &L,

1-1.3 B3 ot o [ il
2-Fatty acid mixture-PC oD & & 5K It 12 8 1) 3 fiz A5 hE D B2 oW T M
ML EEFig. 13 Lid,

48IF M DI Iz BWT. PLA?2 25mg (4785units) LI Tl &k iz
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Fig.1-2. Effect of substrate fatty acid content
on phospholipase Az-mediated PC synthesis.
Reaction conditions:phospholipase Az 60mg, LPC 110mg,
EPA 180mg, glycerol 5500mg, 25°C, 800-1000rpm, 48hr.
*Yield (%) = Synthesized PC/Substrate LPC X100 (w/w)
Abbreviations are the same as in Fig.1-1.
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Fig.1-3. Effect of phospholipase A2 content
on PC synthesis.
Reaction conditions:phospholipase A2 60mg, LPC 110mg,
EPA 180mg, glycerol 5500mg, 25°C, 800-1000rpm, 48hr.
*Yield(%) = Synthesized PC/Substrate ILPC X100 (w/w)
Abbreviations are the same as in Fig.1-1.
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KExhh ERIEIALR N>, LPC Imgiz®t L 43.5unitsiZY¥ 452 &

po, VURBEABNIBO AT VEEEOMKSMT DI, = AT
ERIGICIZF L EOPLA2B L ETH D Z ENRML LR 5T,
oAb I LB MR E DR TOREE DR T DD, £l
#it A2 60mg (11484units) & LT,

1-1.4 BT hatdfit

72 M R PLA2IE . DK 53 8 Bt TIE 38 BLiC v & A % il B
TR ERHMBRTNG?3Y, 22T, ¥ RIETHIZ AT NHNERR
IENTDOIN T T LDz ONWTHRE Lk (Fig.1-4) .

I LT Ny L 0.25umoldD & EEREIFI8.4% LKL, I
VOOLAEMZBEWE A TH2-Fatty acid mixture-PCH 13.7% & ka3 h T
WDLDDEMKBIZSIHIZENWHTH ok, ZHICHLTHEMNMEE 1.54
mol, 3.0umol, 6.0 umoliZNd 2L, AREBL27.0%. 26.1%.
292% LR LT, LA LBBRLENULDOIANT Y AERMETH DS 100
umolTIX22.8% L B ENIL L. L LofiREy, #E#EAIL I T A
S 23 umol & Lk,

AKERBRISICB W T, PLA2OEMIZ DN T ADRBMNR L LT,
PLA2ZHWTY VIR DO &K EZATENaL2ODHE TR I LY T ADKY
MITABENT, Pernasb 220 WE T IN Y T LDIEMR LN Z L
PORIBFEHIZ L ST EDORER BRI ENRRAMENT, VDT LD
I BERE A I B U BB IEMIZIE D> TR LD, KDOLIITEZ SN
TWAB3I3D AN LhAF v (Cat)FHE DY) I Dpro-SEE #1745
LU THENLUS UL U ORSm %2 WM 2, [ Car g2
MDA IV Z VIR EAHAE LTy VR Z VD 4) M & i K & & TR
BEELEZZIPTLT S, bLEITHBELETEHEGIETE. ARRIETITE
HELUTLPCEHWT WA O DRLEINIKIRETH D . HIVKE=Z IR
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Fig.1-4. Effect of Ca concentration on
phospholipase Az-mediated PC synthesis.

Reaction conditions:phospholipase A2 60mg, LPC 110mg,

EPA 180mg, glycerol 5500mg, 25°C, 800-1000rpm, 48hr.

*Yield(%) = Synthesized PC/Substrate LPC X 100(w/w)
Abbreviations are the same as in Fig.1-1.
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RNFLE LT VIEHPLA2IIN T A3Cat DB DRE ->TLBEEZ SN

5oéﬂﬁmtﬁﬁéthﬁA@&%Kome\éﬁ%%%wékw
ICPLA2{ERIBF 2 E X252 T, JV—BORHBLETHSZ LEPR
5o

UEDEERIYV, PLA2IREDZ T AF VARG D BMK G4 % Table

1-1D X S5IcED I,

Table 1-1. Optimum system composition of
phospholipase Az-mediated PC synthesis.

Lysophosphatidylcholine 110
(mg/system)

Water content 0s5
(ml/system)

Fatty acid content 180
(mg/system)

Phospholipase A2 content 60
(mg(units)/system) (11484)

Ca content 3.0
(Mmol/system)

Glycerol content 5500
(mg/system)

Abbreviations are the same as in Fig.1-1.
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1-2.1 3 3%

EPABES (FME99% L E), DHARE S (FEAEOS% L F )ik, 1% 4 4k 2
()X VA Uice NRNIRE DR SN D4 iz D Te $ P LA2 (7 & |
BEER) o rFHA B AW AR Y =¥ C (EC 3.1.4.3. Bacillus

cereusfi¥ )X Sigma Chemical Co. L 0§ A L /.

LPC. AU MG G . &GRS IZEMN LEPLA2B L U4 )
H—VIZWIEBIMI 11 L FARO 0l Lk, VYV EKZAT7rF U0
LR S =T R Y (ALPE) O R, EdPIiIZIuneja b 1D 0 Fkiz M
DWW Tsoybean phosphatide extracts (lecithin>95% Avanti Polar
Lipids, Inc. ) 28 A7 7F VN2 ) —AT7 IV (PE) REBL., X
BT Wclls635)0)'}5?&&12&/5‘0\TPLA2%Wl/\'C}JHJkﬁJ\Wﬁ‘éLéCk&:i
V. LPELUMEIRII A LR L, YA b Tarua< N F57 4 — ik
Do 7Bl b X E ) — (91, viv)E TS e 4 % 5 2 L

e, 7o RV A A8 —N(1:1, viv)#HWTLPEA# %I L%. LPE
Dl JE D EIE. TLC-FIDML(FIEI8%LL F) L2 icilifl o/ u< k45 A
LV ToT. EOMOHEIZONWTHLHIERHIMI- 11 LFMEDL DA
LT,

1-2.2 WAT Y NA—FANLITEL AT NVERRIE

LPC 7k LPE 110mg & S EHHUFA L LTA T LIS Iife i 2 % |
EPASET/ciX DHA 180meg% 27V ¥ v — b 5500meic 4 (k% 3u mold K
kDAY K EBE 0.2M b U % — KRG W (pHB.0) 0.5mIi PLA
(PC?%WGD&%éOmg(1Um4uanLPE%MUD&%QSmgUW85unnw)

PR U MBI AE N X TG4 L. 800-1000 rpm CHIFE L 228 5
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2?CT4M#M&%%%?0KOEH&®WMW1%Yﬁ%1MIJJkFM§Kﬁ4
ry

1-2.3 A OB H

EREDOR I P IE S IM1-1.3L M ICIT» 7,

1-2.4 ®EEAMANGN A ST Y V8B OIS I K ALk 0 4 i

L 72 U v 5B misy (R Kk Y VY VIRE AR VIBE) % 3
JAITLCZ L — b (Macherey-Nagel GmbH&Co. )izt L. 2 1 u kL A-
AX S =K (65:25:4, vIVIV) TIBBI L e, &K &R 2-HUFA-PC.
2-HUFA-PEMI Sy Z 50 L. A% /) —ATHRHMLE. AF AT X544k L
k%\ﬁxﬁuvhﬁﬁ74—%GMHTWMMM&%ﬁMLKOGL&D
FHEHEIZLUTIZE k&,

Wil @ HAAUO063EH R Iu< hF 5

Z1Z 5 : Unisole 3000, 3mm X3m H 5 X H 5 A
N LB 190°C

HEALNB LRI (FID)E K © 250°C

¥ U7 H A : N230ml/min

1-2.5 5 A B R IR i B8 o &5 & B i o 4> bt

& hk L7z2-Fatty acid mixture-PC (Smg)zyF ) —5) Smllz
%%Lw3umm@ﬁ%ﬁwyﬁA%%U%ﬂPum%MOﬁm%%mb‘
3O RIBEH . 37°CC20 BNk 4 #7 L 77 2-eicosapentaenoyl-PE (2-
MWWEMMMMMHL6mmeﬁwyﬁA\N5mM?i%vn-w
P rY D AEGH 02M MY X-HiRE&E M # (pH 8.0) 2.6mliz 2-EPA.
PE(8meg) Z MMl L7cfe. MiBIPLA2AEM L. 40°CTASH A > % o~ —
b#é:kmiwﬁoko&m&\ﬁun$wux&/—wwqmﬁ&
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VIVIVZERWTIO R L, 2 madkn AR L0 58 mis % [ L. e (R
W EATLC7 L — b (Kieselgel 60, E.Merck)izft L. 2 o ok A 2

F/ —ViK(65:25:4, viv/v) TREBHM . WEMENSIiRE (sn-247) LU Vm Y
YIEE (sn-114%) iz 4l L. AFNVNZZATNMAAEEGCGLCTEREN DS I
HLIR & 53 Bt Lic. GLCO B de X s 12 I1Mi1-2. 4 L Mk b 5,

1-2.6 MHEWWEHMHWMQJH%WUhX:77ﬂlynuzU:/mﬁ}TWmﬂME@ﬁ}
#r

&ML 7c2-HUFA-PC%# Takahashib39 D S gic i U CT7 2 F A4k L.
HPLCIZME L THO FRiMR A D LIz, 2D LUTFDO2R5 v 7 o kit
tZzfTo%k. £FPC200mga VFox—5 0 I1SmUZ%EfE,. Smgd ik
ABWY RN—=¥ CL0.075mID 45%HAL IV ¥ 7 AKERE S IMPY X
-HMERR T (PH 7.3) % 1SmIMlZz. S|ET4ERIARKRY L al v ol
il 2 47 > 7z, BRINE TR . PZFANZ—=F LRI LH1,2-V 7)Y R
(1,2-DG) iy Z @4 L. TLCIZ It L 1% . B-ANFY Do Fxr—5
v (2:3, viv) TRBIL. 2-HUFA-PCHH¥ D 1,2-DGAEKK LE. =~ D
D60megz0.6mlDOE Y 2 (WM FTIZ AL N Y % A TRAK) 1 v L.
3.0mIDMKEERE 2N X, #HRUTEET 1SN 7 € F ALK % 17 - .
PO, WRESENATREL, LMW EVTF LT —5 i v Lk
LR, VIFAT—F AN ERETDIZILIZEVEL2-DGT & F 1 3%
HHERTc, TLCREV ERLAMOFE (n-~AXH Vv . VrFpr—5
Vo (3:2,v/v) ) T12-DGT7 2 FAFHEU LWL, L0454 mod 7 +

VAT, HPLCOME & Lk, B9 TR — 213, I L ik,
AFNVERTF VAL L TGLC TSN MLS #40 Hi 43 = b ir DRElE L .
HPLCO 4 B & 13 B R iz & - 77,




Wil HV655A-11) itk a~< hF 57

517 A5 Wakosil-5C18N  300x4mm

B TR by TP RV s R BT s T LR TN =
{ 2.8 3. e lvivin)

fi : 0.5ml/min

BT AR B

B8y © YL 655A-30JE 7324 M el

i UL B ¢
1-2.1 WIEARRMNENIgESHY VIRE O &%
MIEBIM 1T A T MBBEAY MW T, PLA2I LB T X5
B D BB KM DN THE L, A Tid EPASRDHA% I &
LCEBRIEEHE T TZ AT AVERKIEZTTW, ALY VIEE DS
B AL AR IC DWW TR AL Tz,

LE LPCORIMIBEM AR IX. i A0 I F U (Pal, 16:0) 23.6%., A L
A (Ole, 18:1) 11.3%. U /) — A [(18:2) 50.5%TH V. EPAD
DHAZ & EN TWZd o7 (Table 1-2) . Z3izst LA 7 3 s R ik
AWIXEPA 14.0%. DHA 8.9% % &A TWik, Zh b2 HE L L TAK
B Z 4T o Te i M. &k #1226.1% 1272 v (Table 1-3) . &k & hkPC
DN I BT DEPAL UCDHADE# &1X6.0%. 4.1%THh - I
(Table 1-4) , #i)E99.0% L -OEPA., DHA* W TA K L7 2-EPA-
PCRU2-DHA-PCO &R HEIX26.5%. 26.1% L 720 . 55K MLk Iz 5 9
DEPA. DHADOKI &1X451%., 48.2% T -} (Table 1-3. 1-4) ,

sn-2MCHUFAD# A& LEPEDILHEMARKIETIX. a2V itk
2 ) =NT IVORIGENRE WS, 7 I ic il % > 2 i huid 4
S5, LS RHILER LT ABIC ORI EDIE TN bRD, £ 2
CTPLA2ZHWTE R INIZ XD 2-HUFA-PED & RIZOWTH RE L k.

2-EPA-PE. 2-DHA-PED &R EIZ27.2%., 29.7% L 729, 2-HUFA-PC
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Table 1-2. Fatty acid composition of substrates employed
for phospholipase A2-mediated PC synthesis.

s Fatty acid purified Purified

mixture* EPA DHA
14:0 e Tia - -
16:0 23..86 45..8 - -
16:1 - 20 | - -
18120 6.9 4.0 - -
1821 11 .3 5.8 - -
1832 b5 2 1) - -
18:3 i i - -
1834 - 2.4 - -
20:1 - 543 - -
20:4 - ~ ~ -
20:5(EPA) - 14.0 >89 04 -
il - 4.5 - -
2235 - 1.9 - -
22:6 (DHA) - 8.9 - >994:0
others 3w Bl 10 L0
total 100.0 100::0 100.0 1L 6 5 61

*Fatty acid mixture prepared from sardine oil.
Abbreviations:EPA,eicosapentaenoic acid; DHA,docosahexaenoic

acid. Other abbreviations are the same as in Fig.1-1.
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Table 1-3. Comparison of the degree of
PC synthesis among various kinds of
substrate fatty acids.

Synthesized PC Yield(%)*

2-Fatty acid

/ bl
Haxtures =1
2-EPA-PC 26.5
2-DHA-PC 26.1
*Yield(%) = Synthesized PC/Substrate LPC X100 (w/w)

**Fatty acid mixture prepared from sardine oil.
Abbreviations:2-Fatty acid mixture-PC, fatty acid
mixture-containing phosphatidylcholine(at sn-2);
2-EPA-PC,eicosapentaenoic acid-containing PC(at sn-2);
2-DHA-PC,docosahexaenoic acid-containing PC(at sn-2).
Other abbreviations are the same as in Fig.1-1.
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Table 1-4.

mediated synthesized PC.

Fatty acid composition of phospholipase A2-

2-Fatty acid

Fatty acid g 2-EPA-PC 2-DHA-PC
14:0 B - -
1630 19.8 128 20
16:1 4.4 e -
1810 4.8 3.4 et
+8al . e S S
18:2 ¥ 26 .4 24.9
18:3 3.4 % vy 2.6
18:4 e ¥er - -
2027 2at - -
2034 - - -
20:5(EPA) By 1) 45.1 -
Sl AR - -
224D 1.2 = -
22:6 (DHA) 4.1 - 48.2
others 4.4 346 By 2
total 100.0 100.0 100.0
Abbreviations are the same as in Table 1-3
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,mm%uw&uw@mm&%ﬁt%@@A%k;fummot(nme

1-5) o« &, AT VMIENIIEEm 2 B L LWL D bk H
264%THofce ZOXIIZAIMEKIZIMNDEL BD ot NI T2-
HUFA-PEDJE i B MLA%IZ fiv D EPA, DHAD I &1346.5% . 46.6% ic
EL. 2-HUFA-PCOY & L FMRIZEH VS & TEPARDHAN S A X 1T
Wi HﬁMelﬁ)o:ﬁwiﬁﬁféﬂhm:ib\ﬂﬁﬁLwﬁmﬁuﬁif
EPARLUDHANRBAISRN TWRZ LA RTHDOTH B,

ABIRRTEA T VMGV &Y. EPARUDHAR MK & LT2-
HUFA-PLOGIREZT > e P&, BMEIC KE B ENL 5 RF. PLA A
HUFAIZH LI R D RNt & e, 7. 2-HUFA-PLih o
EPA. DHARIEWIEEIGNIBETh OEPA. DHAWIEIZ K 1E L. IS Ui ke M1 %
A IRNIBE E LPCE L IZLPED S IR IS E DRI D1/2Ch » . = R
IXLPCRLPE®D sn-20 28K Td 5 Z L RPLA2D i 5 45 B4k 5
sn-2 N ICHEIZHGR Lo LI £ CHEIRIIEMNEAS R L 22 5
¢

T ZTHEMKR LK 2-Fatty acid mixture-PC & O 2-EPA-PEZ# K IPLA>
THWTAKS L., EPARDHADK A8 % M L7 (Table 1-7. 1-
8) « TDKMW, EPARDHAI T R Csn-2 M Icsi B LTHY . sn-1{/ o
%Mwm@éinfmﬁmok:&ma\&ﬂ%mwﬂvyﬁﬁ®ﬂﬂm
BROIZBASR TR Z L0 Wn Lok, Nab20 D HaTid. EPA
©40.7%. DHA%303% & L HBEIRNME MW CAREIE & fF -7 & x|
AN ENICHUFARE A BPCH OEPA K 'DHAMHEIX15.9% . 10.5% C &
2T sn-2M I DB NG R BAS R LT 5 L. Skahi2-
HUFA-PCO JI5 i i MLk 13 S IG i g & LPC D % )15 1) i 4 i DFID1/2,
#&b%ERAMMM%‘DHAlsywumaé&ffﬁéowam S
MBI X 0 A8 < L 3 A (S I At/ B0 30 fis CAL BT o> 25 I V5 i U % o it oo
1/2) x100)IXEPAM78.1%. DHAM69.3% CTdh »1r, * . 4i1E90% O

DHAZMWTHIR LT DHAKABMPChODHAMEIX34.6%Th v .

>
—
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Table 1-5. Comparison of the degree of
PE synthesis among various kinds of
substrate fatty acids.

Synthesized PE Yield(%)*
2-Fatty acid 26 .4
mixture**-PE
2-EPA-PE Y
2-DHA-PE 29,7
*Yield(%) = Synthesized PE/Substrate LPE X100 (w/w)

**Fatty acid mixture prepared from sardine oil.

Abbreviations:PE,phosphatidylethanolamine; 2-Fatty

acid mixture-PE, fatty acid mixture-containing phos-
phatidylethanolamine(at sn-2); 2-EPA-PE,eicosapentaenoic
acid-containing PE(at sn-2); 2-DHA-PE,docosahexaenoic
acid-containing PE(at sn-2); LPE,lysophosphatidyl-
ethanolamine.




Table 1-6. Fatty acid composition of phospho-
lipase A2-mediated synthesized PE.

Fatty acid

2-EPA-PE

2-DHA-PE

14z
16:
303
153
18:
18
18:
18:
202
20:
20:5(EPA)
atld

2455
22:6(DHA)
others
total

vbl—-‘vb-wt\.)!—‘OF—‘OO

Abbreviations are the same as in Table 1-5.




Table 1-7. Fatty acid compositions of
sSn~-1 and sn-2 of synthesized PC
mediated phospholipase A:z.

2-Fatty acid mixture*-pC

Direct analysis Position Position

Fatty acid of PC sn-1 sn-2
1640 ViS BT 23.0 14.6
1631 A 5§ byl
TR0 6.0 ¥ e 3.9
1851 e el 14 I356
18352 228 51.5 g.9
18+ 3 Fin G T © 155
20:5(EPA) 805 843 La o1
22:6 (DHA) 4.9 = 9.5

*Fatty acid mixture prepared from sardine oil.
Abbreviations are the same as in Table 1-3.

Table 1-8.

Fatty acid compositions of sn-1
and sn-2 of synthesized EPA-containing
PE mediated phospholipase A2.

Synthesized 2-EPA-PE

Direct analysis Position Position

Fatty acid of 2-EPA-PE sn-1 sn-2
16:0 GO | k2 0.4
1820 LI S v b D4
182 ] 6.6 Y2 8 0B
1832 I A 5 P S A
1823 2.7 Bl i BGw
20:5(EPA) 47.2 ¥ 94 .5

Abbreviations are the same as 1in Table 1-5.

2




—

DLEOHGAMMAAS 0% THDZ ENLHAKIZTOI% LIV TH » 7z,
T L., ARINHRTIEMEII 0%, EODHAZ MHE L L T& kX i
ol &, K& NT2-DHA-PCHHODHAWRIEIZ48 2% Iz & L, &
AENIT A% LI oTc, Ko THRBICEIVILEIBE D OHUFA% |- | it
CETEHATEDLIZ LB LEN LR ST,

AR T, BEOLEAFAELTHOWLENTWVWS 7)o — )& ILH
DB E L THEHLTEY, Nab?Oo Rl 2 nwko< Y g
YOI E AR, MEOREMDIEDOfFMERENR R DL LN PE
N, 7Vta— a0l LTHWEZ izk v ILHIENIE N sn-2 10
IR R BASNDZ &b, R DEPARDHAZ WA Z Lz k
V. sn-2 A H— G THDELH TRMMRY VIEEAAKRTE S Z
ENRHBL .

1-2.2 REARMBEVBESHNER 77 F VN a) v o4y 1 ik

SR LZHUFARGEMPCOL FRiz i Licrsa< b T h, bW
KE PC (Soy PC) ##F+Hos < v/ T AZFig.1-51%T. £,
T E SN TKR® by Hifl ik % Table 1-91C ;7T

#IE99.0% L LODHALLPCEMWTAM LZ2-DHA-PCD 4y 1 fili1x
(16:0,DHA). (18:0,DHA). (18:1,DHA), (18:2,DHA).(18:3,DHA)
DSDOT, ENEN22.8%. 6.5%. 10.5%, 53.9%. 5.6%Tdh »t. #hik
99.0% DEPA%Z MW TAKR LZ2-EPA-PCO4r FHIM K IZO>W T HDHA
“EPAICE M X MO EMRE 6T,

AT e i BIE &% &2 W TERI IS %217 > 85 & . N5 ALk 23 8
HTH Db AREN2-Fatty acid mixture-PC o 4y 1 fili fll p% b #i 4 &
0. LAy FREIX(18:2,EPA). (18:2,DHA). (16:0,EPA). (18:1,
18:2). (16:0,18:2). (18:1,DHA)+(16:0,DHA)+(16:1,18:1)Td - iz,

—7% . Soy PCOG FHIIZITHUFAZSAR b DRI ALNT. 4T
FiiX(16:0,18:2), (18:1,18:2), (18:2,18;2). (18:2,18:3)Ch ok, it
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2-Fatty acid mixture-PC

4
2-DHA-PC
9
2 8
14
n Original Soy PC
5
16
15
1}2 18 19
A Lol
| | L
0 40 80

Retention time (min)

Fig.1-5. Reverse phase HPLC elution profiles of
phospholipase A2-mediated synthesized PC and
that of original Soy PC.

Peaks are: 1:(18:3,EPA),2:(18:3,DBA) ,34(18:2,EBPA),4:(18B:2,DBA),
5:({18:2,1823),6:{(18s1,EPAY,72(16:0,EPA),8:(18:1,DBAR},;9:{16:0,
DHAY, 109 {16:+1,18:2),11:{18:2,18:2),312:(1640,18:3),135(18:0,
EPAY,14:(18¢0,DHA) 155(18:1,18:2),16:(16:0,18:2), 1 341831, 1821},
183(16:0,18:¢1),19:5(18:0,18:2),20+¢(1610,1630) .

Abbreviations are the same as in Table 1-2 and Table 1-9.
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B2 BEARY) N—FickBY VIEE sn- 1M DEIBEOT X5 )15

8 J2 Ity

5 Bk J7

2.1 aLdE

HE L LTHMLZSoy PClEsoybean phosphatide extract (4695
%YL L)% Avanti Polar Lipids,Inck YA L. EPA (#li/E90%)
DHA (#EBE88%) X, AARAL%fAH ()P BAFL, n-AFHh v UxF
NE=TNVNRVIVAFANRTAIA NI ST 0 —i12 k- Tl &
KayabrELboiBEL LT,

Lipozyme IM20(27.5 BIU/g)iZ Y Z V) + ) K(TG)Dsn-1,34 iz %t
LTRERME%Z b DMucor mieheil@¥id ) X —¥ % % FLYEFE A A 2 5 gl

M 62 4k U7z W% 4 %1 €. Novo Nordisk A/S LW AT L. £ oo it
WX 2Tl ORI ET T AR L o vk,

2.2 Lipozyme IM20i{Z X 5 = A 5 )b 3% X I

Soy PC 10mg L EPA%R2 G AR n-~F Y L ¥k Lipozyme IM20/ll %
THINZBHM L. 40°CORIMAEM IR L 5 B (L& 5 W 2cm 75rpm) ©— 4
WEII BB 2 T8 5 720 TR b vim & 2 — (101, viv) SmlZ RN L T
ik L, Bz, 2882 72— 4011, viv) 30ml 7z JH v T AL 1%
045umDT7 A N E—THLEDIMNML., TABL —F —CHRIEZW L LT
I BT 1l 43 % [A] 48 L 7z

2.3 Al # o 5

B L 72 ) VIR E 5> % Sep-pak YU B Hh—FY v Dicft L. 2ok
VAR Z 7 = (10:1, viv) ZEHOWTRKRIEDIEN B AR L. A X
ST VIRE M &AW L. TLC-FIDAHIZ XD PCO Y — 2 (i i

%mw\mma@wu7u—yayw~7ime%w&M&mmxbm
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kL EPARS &M PC (1-EPA-PC) o HE &t % IL#K (Recovery) & L.

UTFToORIZESWTHEINL .

Recovery (%)

=Interesterified PC* / Substrate PC X100 (w/w)

*TLC-FIDIR X5 gEHAMpk 22 r THIE L7ZPCliror — 27 likteEbY 7L

- e o W

228. TLC-FIDOWMESKHIZF1EPIM1I-1.3LHEETH B,

2.4 T AT NI K
B L 72 ) v g E 4y # TLC(Kieselgel 60, E.Merck) Iz A4 > b L.
suaaR)y L AE ) — ) K(65:25:4, viv/v) TIEPHE, PCIlisr % » X
Mo A% ) —NTHEHLE, AFAZZAFAILEE., GLCOWKIZE VB
Wik Al pk 2 53 #fr LT, RINHE & LTl L7ZzSoy PCIZIZEPANRE £h
TWREWZ LA b (Table 1-10). RNIEEHLKIZ BT S EPADO M & % = X

THNRWEL Lz, GLCOWESU 1Tl Tdh 5

Wil BY163ET A a~ /57
ZAh 40mX1.2mmANPE, KE 0.5um G-300
(Mese itk e G- Z A)
h T LHEE : 200°C
AT RIS (FID) L E : 250°C
X+ U7 HRX:He 4ml/min

255 n- ‘/\*"‘j‘/ 0)&“]’

Soy PC 10mg(12.9x mol) *EPA 30mg (100 mol) Z#4& AT 0.25-
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Table 1-10. Fatty acid composition
of substrate lipids.

Soy PC EPA
160 | 1.0
18:0 5 <
18s1 105 =
1852 62, ¢ P
1853 6.2 1.4
20:5(EPA) = 90.9
others 0.9 5.0

Abbreviations:Soy PC,phosphatidylcholine
from soybean; EPA,eicosapentaenoic acid.
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6.0mlDn-~NF Y UHEWIZ Lipozyme IM20 15mg#% il x T48W i K It %

FozZ ey, Rt L LTAHWEnR-~FH VY BOEE Iz W T K

Liz. UBROWIEIT F1EFE2M22LRABIZIT - 2,

2.6 JIg Ui i hE oD 4 i

Soy PC 10mg L EPA 15-150mgh &AK n-~F Y > #ik0.5mliz
Lipozyme IM20 30mg#z M x T48MFfIRIEZ TS5 Z iz kb, = A5
RWMRINICB T DEERNBBIZOWTHRI Lz, BB EIT H2E5
2fi2.2 L [ABRIZ 1T 2 T,

2.7 P& ORE

Soy PC 10mg & EPA 60mghk & AKn-~FH %k 0.5mliZLipozyme
IM20 %= 15-60mgiiiiga 228 2 TA48IGMIK IE # 75 Z iz kv, = A5 0
RIS BT DB ONWTHRH Lk, LU OHEIT B2 p2m2.2
ERBRIZ AT » T

2.8 Ko ofg#

fili ~ O i FNHE ¥ % AW T Lipozyme IM20 40mg® /K 4y i % 25°C ©
24 [ A% L 7c . Soy PC 10mg (k% f 0.4%) LEPA 60mg (/K% fit
0.076%) Za&ATn-~F YV Ek 0.5ml (k4 S7.6ppm) #Mx T

BMNHRIEZTO>Z LY. TAFARBMEIEIZBIT 5Kk 0%z >
WTHRE Lic, B OBMEIXE2EB2M2.2 L RBIZIT o, 72 BKHIE

fix. a,=0.064 (LiBr- H20) . a,=0.13 (LiCl - H20) , a,=0.75

(NaCl) | a,~0 (P20s) D45 >V THE %17 - 0.

2.9 T AT NERWIRIZ B D AL E R R o R E

6mM Hifbk AN T A E27T.5mMFAXF S a— g MUY AAE4$0.2
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MMV R-HBEEMH (pH 8.0) 2.6mlic. kD AF VMK IEIZ L Y I

L7 1-EPA-PC(8mg) %My Lz, HWPLA22 L. 40°CT454%)
MK ZIT > Tce UBEOBRMBEIZPIEBIM1-2.512 -7, E . 4y
FIXB1E P22 4L F —%&H Tt -,

ol O £

2.1 n-~F Y it oWt

B2 TIXEEAL Y N—¥ TH D Lipozyme IM20ZF I WT, U v IEH
Osn-1% DRI AFNVEL|T BRIEIZHONTHRE L%,

Soy PC 10mg &L EPA 30mghk G A n-~F VU WO H 52 % T 481I%
RIS 2 T > TefE R, n-~FTH U ER DR B iIcon., +7b b gk
ERRBEDIZONTZ AT VW E, BIRK L e B L. KILAERK 0.5
mITEZAFNARHE 30.2%., MK 27.5% & 72 >7% (Fig.1-6) L L.
0.5mIBL R TR KL T D250 ZAF VAWM EDOICTNAR LN T
ZeEnb, Un-~FHUommatas 0.5mlc BE LT,

2.2 ALEE e b o kit

Soy PC 10mg(12.9 u mol)iZ xf L EPALL A 45 % T A M & 17U 4208 )15 UJj
B it 2 Mt Lk (Fig.1-7)

EPA 30mg(100u mol) DM TIZZ AT AL EN 33.5%Th - F O
XL . 60mg(200u mol) TIE 39.0%FEC LA Lir. #1l Fo 90mg
(3004 mol), 150mg(500 4 mol) DEM TIXifiiz = & 5 b 45 4 o I F A
SO Te, MK IGNiIRE ORIMBERIMT 21z o0 CE<< o>k, sn-l
% BEPAIZZ A7 V&M T 5 iziZSoy PCiz st L% it ODEPA® i il A8
LETHDIN, BHECTERIENAMES NS D EMEPAR % 60 mgic
ol B
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Conversion (%)

Fig.1-6. Effect of n-hexane content on Lipozyme

IM20-mediated transesterification of PC.

Reaction conditions:n-hexane containing 100mg
Soy PC and 30mg EPA, 15mg Lipozyme IM20.
Abbreviations are the same as in Table 1-10.

—_——

40 | A B0 e
O
0
30 e 160 .
>N
20 F 4206 o
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O
1O~ \7< ~20 g
O 1 1 1 1 1 1 O
0.0 B0 4.0 6.0

n-Hexane (ml)

Conversion (%)

= Recovery of PC{%)
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S 250 O 440 Q
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10 | 120 m=

0 1 1 1 1 0

0 30 60 90 320 150

Eicosapentaenoic acid content (mg)

Fig.1l-7. Effect of EPA content on Lipozyme IM20-
mediated transesterification of PC.

Reaction conditions:0.5ml n-hexane containing
10mg Soy PC and 15-150mg EPA,30mg Lipozyme IM20.
Abbreviations are the same as in Table 1-10.

——o—— Conversion($%) ——e—— Recovery of PC(%)
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2.3 R O®RG

Lipozyme IM20D it 4 X T A5 )b & WIS A T U, 2500 W% % 5z
SOWTKFH L7k (Fig.1-8),
Lipozyme IM20DEEMBE B MT I o T, T 25 )L &5 K p 8
@D4Mwmﬁwf44w%-%®%®@W$ﬁ182%?%oko%ﬁu
LOWMBEBTEZ AT VLB EB L OB EOM S BIE R 52 Lnb.
LIMOMERICE > THINERY D1-EPA-PCETHEMNMADMRI NS = L
MEZONTE, L LELORRE LI Bl ER S 40mgizc B iE LTz,

2.4 K4y b D Kt
TATNERBRIEICBIT KD BOEBAE BT B0, Ko iEd
fifi & L CTLipozyme IM20D /K4y it % 3% UK It % 17 » 7= (Fig.1-9) .
Lipozyme IM20IZ#I10% DK45r % 4 A TE Y . K IME T8N M K b %
Mok, TATFTNVRMEK 44.9% ., UK 18.2% Td - Jr, 7Kk4)riF 1k
TWRERRINET TR KDEUENE L B3I LS n o 25 1 45 i
HIEMRKEL LY, a,=0.75TiZ 481G M DKt T 25 )L 35 B ps 40%

Mg Lozt L, a,=0.13 Tk 96151 . ¥7a,=0.064Tix 120
NFRIC BT 40% B0 i Les — 75, [0 a, =0.75 T i % [ o f¢

WL & QI BABITIET L. 480/ T 20% 8L F Fiz/2o¥, a,=0.13, a =

w
0.064TIEXAZI KA 40% 1238 L7296 RT. 12005 Mz 350 T b [a] Y 2 A3
34.9%. 48.8% L LI Mm Wi A R LT, — 4. fifedt —V > Tk L -
BE. MIREIZSOBRIETH DL DDRIER DK BN b 25 1
RWHED R LRI - T,
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Fig.1-8. Effect of Lypozyme IM20 content
on transesterification of PC.

Reaction conditions:0.5ml n-hexane containing
10mg Soy PC and 60mg EPA,15-60mg Lipozyme IM20.
Abbreviations are the same as in Table 1-10.

—O°— Conversion(%) —e— Recovery of PC(%)
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TATNVERBRIGFIUTORXDOESIZRT I ENTX 3B,

A k2 5
R-0-C-Rl==—= R-OH === R-0-C-Re
2 i
CIRS TR <H>R200H S E: Enzyme

RINRICHKRGIMBE LS 22 L FRMAKEZNET D k1. k2'OF Mz 7 K
TORDMBUNOHENHEY BIRKOE FIz o NE, —F. KIit#R
DKGFWBDPIRNE N k2D FMIZT 7 T ENEEE L > S0 2+ 4 iE
%kénf\it\HﬂMMw&%%%tim®%%5@<aétmﬁw

RICOETHELSRD EEXTL. bbb, RIERDKYBAE D7+
DI LT, RINKMIZRS R VDD AF VLW EDOH W 1-EPA-PCH
ZHIZHHUTZDZ XU LR oT,

2.5 T AT )VRM AT B D AL RN o ke B
Lipozyme IM20%ZJHW TR L/ 1-EPA-PCIZ 8B} 5 EPADEE &Iy
EIZDOWTHE L (Table 1-11) ,
1-EPA-PCIZB D IXEPADHI &1L 35.1% Tdh o/, EPAIX. sn-1{
N 5 B AL AR BT 73.3% . sn-2 (i DRI EE AL AL IZ BT 0.6% % &5 b
Sn-1M IR RIIZBAENTWBEZ ENW S M &7 o1,
B2 TGN L L CEPAR WM, Mo lslife s A5 = &
CEST, sn- 1M Z2BMNOIENBICERTEZ ENTIETH S 2 L1z b
bW%%uﬁﬁ%ﬁmﬂbtuVwﬁmdm«memmmx%wé&&
& 2 TR A L Jzsn- 1145 o 5 Wikt D X7 VR IE A EH T3 2
&H:ib\EPA\DHA%%%W)V%@Uf¥@§%iUw\ﬁﬂ£®U>WEE
DFHOWKMNATRET D 5,
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Table 1-11. Fatty acid composition of sn-1 and
sn-2 of 1-EPA-PC prepared through Lipozyme
IM20-mediated transesterification.

Transesterified 1-EPA-PC

Direct analysis Position Position

Fatty acid of 1-EPA-PC sn-1 sn-2
1630 nid e j P
8«0 0.6 i S | 0.0
18+1 Hy X a9 L1323
18y 46 .8 18 s 74 .2
18733 4.8 £ Gk B L8
20:5(EPA) I | y pr S 0.6

Abbreviations:1-EPA-PC,eicosapentaenoic acid-containing
phosphatidylcholine(at sn-1)
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w2 mIEANRMIFIIRRE SR VIRE 2 RO R RN A K

T B B B2 K A Y @ i

WITM TV N—FB LPLA2OR MR KINEFIT LT, {1y
VIRE DOsn-1. sn-2iC KD IRINiEEGAT D HLIc >V THRH Lk, L
oy L. B3R D 0h 58 BL D To b 12 Iz T2 7K 53 Bl SIS T 3 B K 4 % I I A
TS, T ATV ERRIBIEBWTIEFENWERKIZE Y EY, F/hx X
TNRBIIEIZ BT RIEDOIE TRER L T,

A7 B8 P WP IZ B0 T 58 4 16 K 0 AR DB i 25 o fil B PR JE BL L 22w
DO, KAWLV IR EB T D ERHWEIRTNE2YD, ZoKMD S

R AU MTORERBEZETHEITLTWVWD EEXLNR TS,

AT w71 KL DOKRKIBITE NI DO NV RF N7 a k
A, T I o7a oAb ENT S, T OIRE TR FB X
CE NI EEHOETHO HHREIXZ b T/ E . il g
EE IR R (RS

AT w72 ZURTHMBRIED A X UENE T Lk, k4o
BN 2 A Z — RIS D, RGN BRSEERRE D
ERIFICZ NI OB o b b Az k4 3,

LB AKMOAEFTIZ &b 22 & 2 2% 27 B Rk oo S ) o> 1)l ) A3 1 A 4

DU THB, avHEA—va BFRUTHAEIN, ZORLEIN AKX

DEEZLR TS,

AT Y73 E2TORMEINLAKIMENEZ Y 7B oME) o i i
IR R I /AN |14 SR Bl s = NG 7l o A G 1 O G R W

ATV 74 FHRISITFEUBKORHY FRATHEHDLDN S,

UHEDHREIY., 2o RO BRMEHMNKMELa R A~ 3 M0

KRIC 2D Z LR RIEM Bz B TH B LT 50 b1E., KES AR




A LRTFTERTOLIME A NDZ ik v, BEEFEEALBORK
ITHDMKDBEZMBI T D LN TEXRDWEKDOE MNP TE B L
= X s

FITH2ETIE, PLA2, U= DOIKIZBIT B LA KD IEY O K
RefTv, RINERHONEKEZBDDZ LIZOVWTKHRH L, 51z, Y
NR—F LPLA2ORIEZ Mifie L TIT5Z LIt Xk WEPAKUDHAR SR Y
lEE> FHiZEMRL. RAKFY R—F¥D((PLD)AZMWVWTHKRT7 7 F Uik
BRI ZITS Z LI L VI ZEIEEDO R PEPARDHAR &MY V5 H
5> - Fil O G W 7 Sl A T



W1 HRAEFIAN—=Y AcO T AF N ERKISIZBIT 5 05K

D Jis

9 Bk 5 R

1.1 @8

LPCH. HHIRBIMI-1.1LMEObOEMLM L. EPA(HEIE90.0%) .
DHA (REBE95.0%) 1d 1 A b4k (Bk) X AT L., B1esfp2m2.1 s
il bk D )5k TR AL ¥ S Ok 4y 2 BR 5 U 7o 0 L T2 .

PLA2IZ LMl ah Tnwd 7 & ik dLecitase 10L (Novo
Nordisk A/S) ZENE. WA KLEEHEL THWEZ., PLAEM X1 &
BIMI-1 12 FEEDOFHETIE Lk ®, 305.8 units/mg powder T
oty WA T E By PA TR BT R bR
FrovslVa—n, Fatr v sla— iR EhEfnmemsE () o
il 38R B 2 BT L e

L2 R Robileoias ¥ Adie B o X7 Sk BiE

LPC 110mg. EPA %7/ iX DHA 180mg # 7Vt u — L 5500meg |Z4)
B, THICPLA2 23mg (7033.4units) ¢3umol Kbk B A v A%
SATE 0.2M Y A-HiRe kR (pH 8.0) 7213 b HUK A G M % I 2 T .
25°C, 800-1000rpm TR IbhZ# ToTk. —EMNMEIEH. Zr oKL AR
X =k (10:5:3, viviv) Mz TRIGH#EIEL, 2 ook sy
O MBSy 2 B U e BLTE DM BB 1M 1-1.2 L WA ici7 - T,

1.3 & pk o 5 HY

é&%(Ywm)M%H%HﬁﬂdﬁkW&KquﬁmlDﬁMLko




Yield (%)

= Synthesized PC / Substrate LPC X100 (w/w)

EREUOER
1.1 RAERYNN—F¥ AcOZ AT NVERRIBIZRBIT D LHKkDREY D
g

WIFPBIM TIX PLA2R LD AT A EMRIEIZ DWW THE Ui 8.
sn-2f I BIRMIZ HUFAZBATEDZZ EMNPL™ L2 oTc, L L,
FOBRDOEMEKIL 26-30% 12 ¥FE ok, ThIIMBZEHILEIREI D
I U TCARDSIMAK Sy g TS &, ARESBENHiIZ L EEoicd
BB B R L 4

H20 O
Q Bl Lo

T I
Ri-C-0O-H + R{}i\iw R1-C -O-R

E: Enzyme

AR EORF T AN U le ki LY Kt o SEM a3 sk s iz > 7 b3 5
e, B EERENRELS 2D,

T THALZEEAATIAROMHET 2RETIVWEERRZLEMAT S Z &
LY KD MEIEZMBI LN EEGREIEZIETFTEE, 2-HUFA-PC
DEMBEHRDDIZILNTED LELL.

RMBEET log P (7% —h-Kigat$ 559 BABRE) 25/0 & 2208 »m
FERZEMIALTEZ293DLEZLNATVWE YD, EFEMIZ0O2M MY X
AR (pH 8.0) 0.1ml LfiA OWE 0.15mlE Mz = A5 V&K
BS % 7> = (Table 2-1) .

FRELY S 3 BRI L A, AR 17.1% & B 1k 0.1
MIOHBLZEZRMLEBEICERERBIZEILIIARALNLR 2 5% (Fig.2-1) .
LTV TV a— N ERMLEBEIXZERENS8BIZIETFT L, —F. K
NWAT I REBRMUEMRE., AREN 41 6ETLEHLEb DD, A F )1
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Table 2-1. Dielectric constant( e ),log P and water
content of the polar additives employed in enzyme

activation.
Additive Dielectric constant(¢) log P Water (%)
Ethylene glycol C LT -1.93 g B5
Propylene glycol 320D £ & B
N,N -Dimethyl formamide 39400 -1.04 B
Formamide 107 -1.61 OB
Water 18«39 -1.38 100
N,N -Dimethylacetamide 37.78 -0.77 0.1
Glycerol 42.50 - e kD
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Yield(%)*
0 10 20

30 40 50

0.1ml buffer

0.1lml buffer+
0.15ml propylene glycol

0.1ml buffer+
0.15ml ethylene glycol]

0.1ml buffer+
0.15m1 formamide

0.1lml buffer+
0.15ml dimethylformamide

0.25ml buffer

Fig.2-1. Effect of polar additives on phospho-
lipase A2-mediated esterification.

Reaction conditions:phospholipase A2 23mg, LPC 110mg, EPA

180mg, glycerol 5500mg, 25°C, 800-1000rpm, 48hr.

Buffer used was 0.2M tris-HCl pH8.0 containing 3 ymol CacClz.
* Yield(%) = synthesized PC / substrate LPC X100 (w/w)

Abbreviations are the same as in Fig.1-1 and Table 1-2.




HO2ODWENN-VAFIENLVALAT I RORMTIE 18.1% &L%o &

nh, BRAVAT IRO7a by (-H) BEEROEMEAL I TR 2 K
LTWdZ eMprahlc, 0.2M MY X-MigsR ik (pH 8.0) & flif ik %
0.25mIEmEMULIEEE. AREN 29721 ER LELOOERNLT I R
B XIE R oTcZ b, bAUKINEHE L TELLAT I RBAHLT
HBZEMBWOENLER T, WL LTHWEZ ) o —VIEFEEK ¢
=42.50CH Y. ReslowhH38) | Kitaguchib3D) |2 k » THHEKD KA
e LToOENPEINTVWD, SMLEYWEHOFELE LN ) Er —
WVERUESBE (bl 7Y a—)e =32.000 NN-VAFINKENVALAT
I Fe=37.00) . RIERHNIZBWTHLE N7 0iltibicig# s B &
&9, kB LEBALN o EBbRDE., ThizxtL., Fi A
T IPNEMARLLZNKRBREZERTDIZ ENTE, FlEiEMNe =109 0k
e =78.39) LibhoWMEIZIER W Z b, V) ka - L ihTYHE# A
YR KRB EERBINTE, EEGMLLEI DI Z LITEY EIEED I
ANRAbhl LfEgEns,

1.2 KR ANE Y O U N & O 5 #
HHEIKRTREHE L THENVNLAT I NBAHAYTH-RZDOT, HmE% 0.5
ml& L, "AVAT7TIREK (Biligh) oHEE2EX TRIEEIToTk. O
fEdE, R Y X -HiB i DA A 0.5mlIliM L7z & & & KN 16.3% Tdh
Sz L. (MY XA-HEEEBHK 0.3ml+FE )L AT 2 K 0.2ml) Tl
23.7%. (b YV R-Hig#EMu 0.2ml+E A A7 2 KR 0.3ml) Tl 29.7%
ERMWMAEFRNVAT I RIZEBTAIZONTARENRER L., " AT 3
FoL %z 0.5mliiMLieL & 61.0%2% T L7 (Fig.2-2) .

RAAT I KON EZEX CRIEZIT>THRB L. 0.5mlE TIXEMN
WORIINZ & bW K2 Lyt Lkt (Fig.2-3) o b Y & -Hi i #8 i 4k %
WML e WSROIz DN THIREKED Y26 hs, ik A

329 7%z L ¥ E o, FALAT I RAEWIIEIINT S L. W28 0% AL
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Yield(g)*

70

60 L o)

50 L

0 0.5 1
Formamide substitution (ml/ml)

Fig.2-2. Effect of formamide substitution for

essential water on phospholipase A2-mediated
esterification.

Reaction conditions:phospholipase A2 23mg, LPC 110mg,
EPA 180mg, glycerol 5500mg, (formamide+buffer) 0.5ml,

25°C, 800-1000rpm, 48hr.

Buffer used was 0.2M tris-HC1l pH8.0 which contains

3 umol CacClz.

Yield(%) = synthesized PC / substrate LPC X100 (w/w)
Abbreviations are the same as in Fig.l1-1 and Table 1-2.
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Fig.2-3. Effect of formamide and water content

on phospholipase A:-mediated esterification.

Reaction conditions:phospholipase Az 23mg, LPC 110mg,
EPA 180mg, glycerol 5500mg, 3 ymol CaClz, 25°C, 800-
1000rpm,48hr.

Buffer used was 0.2M tris-HC1l pH8.0.

Yield(%) = synthesized PC / substrate LPC X100 (w/w)
Abbreviations are the same as in Fig.1-1 and Table 1-2.

—0— formamide —[— tris-HC1l buffer




FL1.OmIO@HEMTIX 16.3% L%, A#BH39 . Triantafyllou s 40)

DAEIT BT H B R O W HUK S AW O I A & B K R 6 i o % F
EERCIEBHMESHTWS, M) Z-HBEGHK L KL AT I Kz vim
LIePLA2DMEMIE 2 JE Lic & Z A, KA AT I REIZ 3 W Tk
MR DRKMGIEAE T LI K RO REREM~D > 7 hnim bk, ¥4bb.
M*Mm)hU7btﬁ?yﬁﬂwhﬁﬁw%m%k%<£ﬂtbfm%m:kﬁ?ﬂ!
SNDT LWL RAVLAT I ROREME AN B &% 196 BLiz 24 wi 70 i
KAV R DMIEEZHRTERSRYD, ZOBEMENIEF Lz & xn
EAOND. Ko THAUKGACKEW 23 2854 . 28 i o 33 i g
ThdZ EtHRRENT,

1.3 T X7V & W% B IEs D K& I 1) 25 1L

PLA2D T A7 )V GRS DR ZEALIZ DWW TR L (Fig.2-4,
Table2-2) o WA LT I FDOO.SmIBMTIENER OB & & bz 2k %
Lt Uy 48R TR M Le, Y Z-Hif @A 0.5ml
I L T2 B & TiX. WIMEAY 769 u mol/h - g enzyme s KX Wb DD .
PO RICAFAES D % Bt D K 9> D Tz b £ W% #EAS20 % I 3T C o #7 4R 1B 1z 7 - 7 .
—H. BV AT IR O0SmILIFEREADKIZHYS TS 02mid Y Z-
HIRE SR A DRI T, AR K28 30% 1 CRIE RS EM Iz Lir. = o
EE Y HIEIT89 umol/h - g enzymelt BV AR A AT I RIEMOBED 77
#mol/h - g enzyme L IZIEF Ui oce U LDORRIYVEAL AT I R
BRI RBERE L THOER S, EAde b Tk L% oL
%b%%%b&ﬁ%ﬁﬁﬂ@*ﬁ&&ﬁ<?%é:&#6m§¢%151
ATIVERDF TGRS R ELTERENRGE 22 LR Sh
je

L4 LN G e o> g

A@meM&Lxmﬂbrm&%wQDHAmcwvc%M&mmwﬁ%ﬁoﬁ;

55




Yield(%)*

80

60 | o
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Fig.2-4. Time course of phospholipase A2-mediated
esterification.

Reaction conditions:phospholipase A2 23mg, LPC 110mg,

EPA 180mg, glycerol 5500mg, 3 ymol CaClz, 25°C, 800-
1000rpm.
Buffer used was 0.2M tris-HC1l pH8.0.

* Yield(%) = synthesized PC / substrate LPC X100 (w/w)

Abbreviations are the same as in Fig.1-1 and Table 1-2.
—A— tris-HC1 buffer 0.5ml —{}— tris-HC1l buffer 0.2ml

—0O— formamide 0.5ml

Table 2-2. Initial rate of phospholipase A2
-mediated esterification.

Additive Initial rate*
0.5ml formamide .
020t Efis<nel buffer 89
0.5ml tris-Hcl buffer 769

* ymol / h-g enzyme




ZFDREK., 2-DHA-PCOARENA32% L0 EPAR B &+ LTHWE

BEICHAN20% B EE W L 722 o (Fig.2-5) . HI1ESBIM2CHa LK
KOBIMIZ LB T X FIVERKIETIE EPAB L UODHA% LB IBIikE & L
Ha. GMREBERZRKRERENRB LR D > DIz L. 41k 4r {L kg L
LTHENVAT I FEZMMT BT LIzl VW2-EPA-PCOL K EN2-DHA-PC

DEKBED L -7z, Kitaguchib 4D, Duan 54208 LT3 L

ICRHKRGREWORMIZ LV E ORI UENE A2 ST T LB - L
ZAONBIENG. ABRFMISTELILELEE LN B,




Fig.2-5.

80

DHA

phospholipase A2-mediated esterification in the
presence of formamide.

Reaction conditions:phospholipase A2 23mg, LPC 110mg,
EPA or DHA 180mg, glycerol 5500mg, 3 ymol CacCl:

containing formamide 0.5ml, 25°C, 800-1000rpm, 48hr.
Yield(%) = synthesized PC / substrate LPC X100 (w/w)

Synthesis of 2-EPA-PC and 2-DHA-PC through

Abbreviations are the same as in Table 1-2 and Table 1-3.
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Soy PCIXBIEBIMI-2. 1L Mk b DE M, EPA. DHAIX 2
BIMLIE RO OEH W, BEZILY R—¥THh 3 Lipozyme IM60
(48BI1U/g) I¥Novo Nordisk A/S kW AF L.
BHEKGRBHELTHA LELZF LY ZYVa— N, oL Y2
W NN-DAFLTE T I FPRBHOLDOEFMBTE (H) L.
7)o - VI ABUAELLEF IS 457227 (B) LY AT
L7z €TDOMDOMIEEIT L THIKOMEM B ERIZTEL L L 0%,

2.2 Lipozyme IM60IZ k% T X 5 )L & 5 ik

Lipozyme IM60 23mg% fffft U > % AW T25°C. 2415 M55k L 7
. —EROBFUKG W EMZ . Bz, Soy PC 10mg(25.8mM) &
EPA 60mg(400mM) 2 & A n-~F ¥ > ik 0.5mliz Nz T — &M K
WEAToTee UBOBRAIZWIERE2M2.2 & [T - 72,

2.3 [ 4L o B
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Recovery (%)

=Interesterified PC / Substrate PC X100 (w/w)
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2.1 Lipozyme IM60®D T X5 )b &8 i [ T 3 1 D 26 UK 53 AR o ke
£

H1IHE2HTARLEL S21ZTGIZsn-1, 3244 D&Y N—+F
Lipozyme IM20ZHW T AF VR EZIToZ ik, YV UIRA
Osn-1{ZHMLDOIRNBIZAZBMTEDIZ EBMENLER Tz, LAL., i
Mk O H) TLipozyme IM20IZ G ENTWBD10% D KA4r Bl s TdH D
ks gtz ol & Z L. HWE 5 IS LY $72b Hsn-147 55 £
O A7 VRN ) VIREOBIEK (Recovery) 235 K4
D i, —h. kirZzmb T ORGEHzE< 3 5) &g
TR EDISDOD, T AT NRMHEE NN 20 R ORISEEZ LY E L
e

FZT, KU OHEEZEH W TR ZEEILSTDZ LiIZED, M X
TN EEZHFRF Uk k., KRS MIRZMET L HDORINEE S DS
Iz -oWTKHE L. Lipozyme IM60 i@ FN TWB k4% HEEIL VY
AT Rkl B P e e | R A e B NN
TR b7 EF2 1allmBMLTE AT EBREILET s R, Tk

Ok, MIRINTIINZ T o7 DI NULERFIB0% & ol O

D, EPADO T X5 VAR PCKENBAC S 480 T13.3% ., 72158 Ti1X19.9% 1z

Mol (Fig.2-6) o« ZHITRIBRPICERAFT HME DK IZ LD K
IWAHEFT L. REMICIZ = AT A RBED LR TDI2NF 0l ENHE L < /N
XDl EEEE R, =H TR R Y s BELY Y
A=NVEUENN-PAFATERNT I REZEBRMLTE A, EPADOE A W
MNEE>TERYLIpozyme IM60MA Z 6 O AR Iz L v G M1
SRTWVWBRZ LRAD LN,

TFLvZVa—nE lulMLHEG. = AT V& EIL481F ] T
343%. 720 TIX39.6%THYV. ZOMORINLIZEN LTI 56.3%,

41.9% iz ot Z7uE LY Z Y a— Lk LuIEMLIEH AR, =270
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Fig.2-6. Effect of polar additives on Lipozyme
IM60-mediated transesterification.
Reaction conditions:0.5ml n-hexane containing 10mg
(25.8mM) Soy PC and 60mg(400mM) EPA, Lipozyme IM60
23mg(initial weight), 40°C, 75rpm.
Abbreviations are the same as in Table 1-10.
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AT A EARE) NI FBEOES W E N, BERIT A L TR &) bk
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7Ly a—niEEoy FRIZKBEATER-OHZH L., =F
Ly 7Y a—nVTix#Elae =37.70, logP=-1.93, Z7un¥bEL /) a—
Tl e =32.00 NN-VAF T T2 RT3 e=37.78, logP=-0.77
AT, Lrblog PRIEWVWZ b, /k (Kk:e =78.39, logP=
-1.38) Lfbkizzh bMNLipozyme IM60Z iGHAL 4 AU oH 5 2 L2
AR I NIz, L LOKBREIV Y VIEHOT AT N RIS IZBWNTT )V a
— VT I RNROMENLFUKRIREHELTHIITHD Z LML T,

2.2 BRI AR W D VSN ik D B

DA KRB DOHEMBEDORE I ODWTHKRIFF LI, oL 7)) a—
WE2 Sl M UTKRISEAT S s ca Ml mA 1 @b~

EPAD X X 7 )V B JEN K & K IIN24WF R TA42.7% L 15 - 1oV, £ D
DEYHRE31.9% K fliicE EF 572 (Fig.2-7) , &£ O %M O FE
EEBIIZ AT ALRHE, AIPRRIZEBICEK T L, NNN-Y2AF AT £ K

\b25ul®%WWCimX7vw2%Lﬁwwun T9.0%. 72 ) TiZ
V4% E 1 ulEIMBOMEERIMTIIGE T > E& L0 b X 7 )3 e
EW/NE L 25 57 (Fig.2-8) , DD MR ITAAMARM. 1l 2.5
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Fig.2-7. Effect of propylene glycol addition
on Lipozyme IM60-mediated transesterification.

Reaction conditions:0.5ml n-hexane containing 10mg
Soy PC and 60mg EPA, Lipozyme IM60 23mg(initial

weight), 40°C, 75rpm.

Abbreviations are the same as in Table 1-10.
——&—— none - -propylene glyveol 1l
—— propylene glycol 2.5l
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Fig.2-8. Effect of N,N-dimethylacetamide addition
on Lipozyme IM60-mediated transesterification.
Reaction conditions:0.5ml n-hexane containing 10mg Soy
PC and 60mg EPA, Lipozyme IM60 23mg(initial weight),
40°C, 75rpm.

Abbreviations are the same as in Table 1-10.
— & none —O—— N,N-dimethylacetamide 1p1l

—#— N,N-dimethylacetamide 2.5pu1l




ODEITKRKEHTENTWLWI ENSL, NN-VXAF L7 b7 2 KigLipozyme
IM60ZTEMALT AL DD, BRIMENEKIZHEB ERILCNE UAMSE XN
A ENRINT,

2.3 WIHKGED DK E D PF B R

JobBElLry7Z7Y)a— )ERnENMMELTOEANREDONTNS Z &
NH KGR EBEME LU TOUMMHENKENWEZZ . KE DY A
DWW THE L (Fig.2-9) , EPAOZZTFIAXEB B Tl L 7Y
a—=)bEKRKZPMT A EITLDABIERT36.4%, 720 TIE40.5% & 7
pEL Y7 ) aA=-INDAEDY IR HIE G LD KET LI MU
DI AT IVA A (48] 38.7% . 72081 41.9% ) & [ UAli & 7%
Sdcs =y IERE 7 o b i Sl EOR R T B A X 48
IF I T63.7% . 72050 TIE59.4% &0 KL lIRIND Y4480 N T
43.0%, 720 Tl342.6% TH > DITXH L TH20 B EHVEE L - 2,
SEARITBEIKT 22 LTk O MR ED K Lo BRI L4 B B
FITIRAIC. BRT N7 DOMMN A A bEhd, ZHiFKiZEk->ToD
HAET LILOYME TEHABETERWI ENHE IR TV 529, Lipozyme
IMODIZ LB LT XATNEBMRIETIHBEKELTKEIEFEAELEGET N La-AF
s A4 3ppmy e L T Te S R SR LT v E LTI R
RN HEAT T B 7 DI IR /N D IKD FELEM AR R TH B, LIchi - THH
KafEHWELTO o EL Yy 7Y a— )b kEmMBET 2 ik
MRS L. Bk MRAEMH Lo 2% RIS IS EITST 5 b D
o g L

IO FR &S5t LT, ab Loy ) a— L e/Kkolg¥s Uiz ot L
2 (Table 2-3) « ZBE LY Z Y a—A LkEIHINLIEYE. KIERE

PR LU TO BB ERIZHEF T L., = AT A RHKA0.5% . W ILK64.6% &

RoT, PCHHIZZ AT AWM ENEEPADO S D 720 M1z BWT3.16
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Fig.2-9. Effect of propylene glycol and
water addition on Lipozyme IM60-mediated
transesterification.

Reaction conditions:0.5ml n-hexane containing
10mg Soy PC and 60mg EPA, Lipozyme IM60 23mg
(initial weight), 40°C, 75rpm.
Abbreviations are the same as in Table 1-10.
—{]— water 1pl —O—— propylene glycol 1pl
—#—— none ——&—— propylene glycol+Water(1l:1 v/v) 1pul
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Table 2-3. Effect of propylene glycol and water addition
on Lypozyme IM60-mediated transesterification.

Additive Conversion Recovery EPA incorporation
(%) (%) (mmol ) *

PGtWater(1:1,v/v) 5.0 1 40.5 64.6 FolE

Water 5.0yl 203 40.7 1 85

Water 3.8yl 41 .4 45.1 2% 20

Reaction conditions:2.5ml n-hexane containing 50mg Soy PC
and 300mg EPA, Lipopzyme IM60 115mg(initial weight), 40°C,
75rpm, 72hr.
*EPA incorporation(mmol) are calculated at 72 hour reaction
time.

Abbreviations:PG, propylene glycol. Other abbreviations
are the same as in Table 1-10.
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I Nu-Chek-Prep, Tne,. &0 A =107

PLA2IEZIR2REMIMT VL MBS OEM L, ML) A—¥Th b
Lipozyme IM60 (42 BIU/g) I1XW2 P22 1 Lm0 A i L,
RAZ7 7 FUONEERKIKIZHAWZPLD (EC 3.1.4.4) (108 unit/mg
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LPC 1.1g 2 EPA %¥7iX DHA 1.8g #2 V-t 1o — L 55g 24k X ¢,
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(Kieselgel 60 . E.Merck) iz {it L. ZuaaR) A RAE ) — )k
(65:25:4, v/vIv)TIbd#. &M L72-EPA-PC, 2-DHA-PC [lij4} % t» X
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SN-2NATT U N IEMEEA L TWB &Il L 7. ). l-oleoyl-2-eicosa-
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Pal,2-DHA)-PC¥% /cl¥1-oleoyl-2-docosahexaenoyl(1-Ole,2-DHA)-
PC 100mgZz ALK F VEWK 12mle. M7 V7 I 71.5mg.
PLD 2400 units, =& /7 — )L 7 I U HifEH 175.6meg  (#8 li 4 rh o> & s i
0.3M)Z & AT 0.2M KR (pH 5.6) 6ml 2 4& L. 30°C. 1000
rpm C304rfulfr - 7z,

KAZ77F VY (PS)~DIEBKIE431X, 1-Pal,2-DHA-PC% &
iX1-Ole,2-DHA-PC 100mgx AKX F LIEWK 3.4ml e, L-kY v
500mg (MU 0.95M) . Hidk A 7 A 10mg. PLD 160units% 4 A
2 0.2M BERRARMli i (pH 5.6) 1.6ml #i{ A L. 30°C. 1000rpm T 4[]
BOS 21T » T2,

zaR BRIV LAAZ ) =)k (10:5:3, v/v/v) %0 x T A4 L.
IREM 27 aafR VA @ArbRINLE, Hiz, #8H TLCA L — b iz
L. ZmuadRp b AR — )ik (65:25:4, viviv) TIRB#%. PE [ij4)
EUPSHIsyENE LY AKX ) — A2 HNTHEMLE. &8 L7EPE. PSiZ
TLC (Kieselgel 60 . E.Merck) lzft L il » BBl CREE . 54
bR I VRN LE ARy ORI, =2k R vtz k3
DD LV st Uleo IRNIBEALMGIE SN 1 BTSN 200124 & (5] Bt o B Hi 1z
H0 S P,

R RGN
3.1 AR BWOMMIzLdfad R F2 v ADY Raya
¥V U BEEGR AR 7y FUNa) U5 FHOE K

HEKRDPREWE L THENVAT I REBEML, PLA2IR XA AF A&
RZFTv, 2-EPA-PCRU2-DHA-PC%2 & L. ¥iz. 2-EPA-PCK
2-DHA-PCHME L LT sn- 1M &THRLOIENRIZ T X5 VA4 5 = &
T ATe. WIELIE2M . W22 TIXEPAR ME & LT IE &M o 3t
ZiT o7, PalROleil DV THAMIE T AF VR MREIEZTFoTc. 2D
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L36.9HE%(24.3mol%)TEHRTE Rk, /. Ole 46.2%. EPA
46.4% & ¢ 1-0Ole,2-EPA-PC (30.0fH & %. 19.6mol%) . Pal 46.5%.
DHA 46 0% &t 1-Pal,2-DHA-PC (19.1H & %. 12.5mol%) . Ole
47.8%. DHA45. 8% &% 1-Ole,2-DHA-PCK U'EPA 44.7%. DHA 49.8
% t1-EPA,2-DHA-PC (12588 %. 7.9mol%) L ¥ ohiiEic Bl
DIFMIBOK S L) VIBE S FRID G AR fE L 72 57 (Table 2-4
2-5) - DHARGWPCH FRID AR TIRPLA2IZ X 3 T X5 )L & ik % 6 28
HEATFTL DD >TelebINENRILL o7, 1-EPA,2-DHA-PC® jifi ]
HPLCO 7 v < b7/ 5 A%RFig.2-1053d, B ELTHI LEZEPA® i
EA90% . DHADHKLIL2395% TdH Y. EPARDHALYN OGN AS5-10%
FENLTNWRZ &ML (EPADHA) UNOLH FRIY — 2 L 2 b5 0,
LER&Z-DHA-PCOXRBRE-IBLERTES Y sn 1 021~
DN DBEAIZ LD EDOPCHY TR DS MIER X T,

RIZT, AR LZEPARODHAWMAGH PCH Ffiz R A7 7 F UL IER
RIGIZ X VPEB X OPSOL S IBICER Lic, FOER . Ko ik
IR RLIE DK E RN N LAl Le, 0L 3 PE~O 45 it 3
100% . PS~DEWKITZS56.4%ThH - Iz,

UL, U=+, PLA2K OPLD @3 i i D # 0 55 W10 72 K6 % 15 1 3
DILREY, HEDOILEIBETHSD Y VISES FHO L RN L 7 5
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Table 3-1. Fatty acid composition of the prepared
PC for the measurement of membrane fluidity
and deformability of RBC.

Soy PC HPC 1-EPA-PC 2-EPA-PC 2-DHA-pc Salmon

roe-pC
Sat.
1630 13.3 12.8 4.8 1Z%7 1 3.0 24 wd
18:0 4.1 79.9 142 2+8 S el
Mono.
i8¢l 107 6wl 8.3 b W 5.9 14.2
Poly.
18¢2 b5« i G Ay 208 26.4 i
1823 T S 4.9 249 P e
20t (EPAR) '— L £ 0 R 48.0 T L1540
22D Cre 5 5 - Loib 4.9
222 64{DHAY ey o Fa 43.2 28.8

Abbreviations:Soy PC,phosphatidylcholine from soybean; HPC,
hydrogenated PC; 1-EPA-PC,eicosapentaenoic acid(at sn-1)
containing PC; 2-EPA-PC,eicosapentaenoic acid (at sn-2)
containing PC; 2-DHA-PC,docosahexaenoic acid (at sn-2)
containing PC; Salmon roe PC,natural occuring PC prepared
from chum salmon roe; RBC,red blood cells.
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H20 (1:1, v/v) BMMik10u 1% 20 ERMN X . KGRI % W Uz IR 1 C
37°C. 3¢fl. 80rpm/minTH & S HEM P TA v Fa—KLKk., PL-
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IZEDRBCIZMI & &2 i a4 B OV 2 5 BT #4041z > s T g ik
zito k.

1-1.6 I IRE ] D 7% 1L ER JE R ~ o S 4

e RBC (Hct. 1%) SmIIZPL-DPHODMSO:H20 (1:1, v/v) ¥
25w 1% M % . WS LT IRIET37°C, 80rpm/mind IR & 5 i i 4l i ¢ 1
oy, 3I[H], 8MEM A > ¥ a~X—}F Lk, PL-DPHODMSO:H20 (1:1,
viv) REMI OB S B 1-1. 4L FBIZ T o0, F D%, PBS T3 ¥4
DL oTHRDZY VIEE K UDPHZ L L. |ZPBSA fl\ THet,
0.05% iz % Lictt., hidErllE Lz, Y DY L 8HMALIIRBCAPBS
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L2 X105, H#HL > X1004%) . fid 6 B Dl 5E & WM B 8%z X BBk
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DAL D B S I D 52 A e F L Tz

1-1.1  RIMERIZHEH &2 2500V > )5 & o MGt

RBCIZHEMR &SR ) VIEERBRIZODWTHRE L, EHEEY VIEHIZ
Soy PCLHPCT, VVIEHAEHZEZX THMNEIELZEDOY VIREHLMRBC
O i Y6 &bl L (Fig.3-1) .

WFNDOY VIFEBIZEB W THHPCLEIRBC O fif Y6 )& 23Soy PCAL Y
RBCONE XY @h ok, THIXHPCOENIEE O K 4> A3 & g 1) i
DT, RBCIKICH VIAEN D &I O i ) #4238 U T o B2 8 < A
2T THL b d, Wl & MDD EBIZONTIL, WHITH2
M2 1R LTHB. Soy PCRAUHPCRI00u MTHERHEELEE. Vv
B EEIR LBEHIE L > THRETERDLP SRR ZENPLRBCIZEMNEZH B Y
VIEEEIZI0u MBS Y TH D LB L., UBRIZZ ORIETHEREIT- T2,

1-1.2 RIMERIZ RIS &2 HOEM IR KR Y VIR E O R o it

RBCIZHEM DY) VIRE A OIS EE 2 N3 2D 1 BER O i Y6 ~ o
iz O THREHE L (Fig.3-2) .

B LLTzX /) =V EEIZDMSO:H20(1:1, v/iv)Z MWW TSoy PCKE
CHPCEZHRML., A v FaxXx—bLEY VIEEMERBCO {6 2 il L
leo B, VYyRAEREAEME LB WRKERIM LY EE2 a3 b
2SN A W

WEFNDOHENERTHOHPCULHEIRBCO fif 612385 <. Soy PCHLEIRBC,
MIRBCOMIZ i SEIEMNILL Ao Z &b, U UIREMNRBCIZI Y A ¥
NTWaZtnbhrbd., VYREWLHRBCOREE i+ 5 &, =&/
—N. DMSO:H20(1:1, v/Iv)D EBL L ZMWTH i HILIZ KNEREITHD
Nigmot, L2rL. VUIBBEALBRBCOI ML A ILKT 5 Lo X ) —
NEMWTEBE&EIZIEXDMSO:H20(1:1, viv)Z R W8 &1 B W T 5 A
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0.0 SR B3 0.4 § Il

PL final

Degree of polarization

Fig.3-1. Effect of PL final concentration on degree
of polarization of RBC suspension (Hct.1.0%).

PL-DPH was dissolved in absolute EtOH at a concentration
Ol 1:0%,

Incubation was carried out for 30min at 37°C.
Abbreviation:PL,phospholipid; RBC,red blood cells; PL-DPH,
mixture of phospholipid and 1,6-diphenyl-1,3,5-hexatriene.
Other abbreviations are the same as in Table 3-1.




Species of solvent

EtOH //////////////// ; z‘;ycpc
S [

Fig.3-2.

Degree of polarization

Effect of solvent for PL-DPH and PL

dissolving on degree of polarization of RBC.

PL-DPH dissolved in solvent was added for 1.0% with
mixing to the RBC suspension (Hct.1.0%) to give a
final concentrations of 10uM PL-DPH.

Incubation was carried out for 3 hr at 37°C.
Abbreviations:DMSO,dimethyl sulfoxide. Other abbrevi-
ations are the same as in Table 3-1 and Fig.3-1.




KRLSE2TWVNDZ b, #AMEROY VIEEMNRBCIZZ <A S
TEBY ., WAEEIMERXBNTCRERT — X 52 BBILNTXE L E2
(Fig.3-3) o LLEDOK RS HLRBCIZHEME R B Y VISH O v %1z 1k
DMSO:H20(1:1, v/v)Bl 4 TdHh 5 & ¥l L.

1-1.3 At el 3 B OV > 16 BT v Wi A 1E M o b &)

Soy PC. HPC. 2-EPA-PC. 7 JIPCZV VIgE L LTHI V. A i
IZWE LZZPL-DPHODMSO:H20 (1:1, v/v) BEiiuk & 10 1M L e
PL-DPHODMSO:H20 (1:1, v/v) ¥#i 2 RBCIZ 1] & ¥, i ¢ )i #
fede Loje (Ble. 347 4

Soy PCALHEIRBC, HPCALEIRBC TIX{E M AiIc # % L~ PL-DPH ®
DMSO:H20 (1:1, v/v) B L 10 MME Lz b 0 L Tl )i A
SRAEFH ORI N o, Fhizs L, Y7 BIPCULEIRBCTIF10 [ [ 52
i IZ I U7 PL-DPHODMSO:H20 (1:1, v/v) $EE WA Al v 84
Wi YEIERWE S R olee TRV L IPCO L2 RERIGENifiE T B2 EPA
DHARBAL SN TIRO Wiz Mg W s B x e b £ 20z, £, 2-
EPA-PCLHEIRBCIZBW T H R OMIIMAL b, Zh b Dk HEN S
PL-DPHODMSO:H20 (1:1, v/v) B#KIZIZ Y IS & L100ppm &
b:7mm—w%mi\&WETAWCFﬁﬁféckkb\%GMW%l
W ELN I B L 7z,

1-1.4 RIS ORBC D JE IR ~ D g
PL-DPHODMSO:H20 (1:1, v/v) $#iiliic & 3 RBC o L I 1% 1] o 1y
HERF ST IO ENET B L L bz, AR O LA & BB F T
217,

I OA v FaxX—MNEBRTIZY VIBEBEMIZEA LY AT 20T
. Soy PCALHRBC K I"HPCALER BC O ffif 3¢ i A3 5 < 2 O 13 13 1 7] L

THofe (Fig.3-5) o ZhicH L., 3R, SREMOA v 2R~ f Tl
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Species of solvent

ELOH O control

DMSO:H20(1:1 v/v)F

0 1 2 3 4 5
Fluorescence intensity

Fig.3-3. Comparison of fluorescence intensity of
RBC among the kind of solvent for PL-DPH and PI,
treatments.

PL-DPH dissolved in solvent was added for 1.0% with

mixing to the RBC suspension (Hct.1.0%) to give a final
concentrations of 10uM PL-DPH.

Incubation was carried out for 3 hr at 37°C.
Abbreviations are the same as in Table 3-1 and Fig.3-2.



Species of PL treated

Soy PC Intact PL
&l Degradated PL
HPC
2-EPA-PC
Salmon roe PC

bl I 7 T v T —~

0.0 3.30 0.40 0:50

Degree of polarization

Fig.3-4. Effect of degradated PL on degree of
polarization of PL treated RBC.

PL-DPH dissolved in DMSO:H20(1:1,v/v) was added for 1.0%
with mixing to the RBC suspension(Hct.1.0%) to give a
final concentrations of 10uM PL-DPH.

Incubation was carried out for 3hr at FEREY,
Abbreviations are the same as in Table 3=1 and Fig.3<2,
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Degree of polarization

Fig.3-5. Effect of incubation time on degree of
polarization of PL treated RBC.

PL-DPH dissolved in DMSO:H20 (1:1,v/v) was added for 1.0%
with mixing to RBC suspension (Hct.1.0%) to give a final
concentrations of 10uM PL-DPH.

Incubation was carried out for at 37°C.

Abbreviatins are the same as in Table 3-1 and Fig.3-2.




Soy PCAOHPCHIR Y AEhiicd., MMIENiEDE WHPCTALE L
HPCALERBC D i K JE A Soy PCALEIRBC L W @<k o TWA L E X bh
v

Fie, —ENHA L FaX—FLEBORBCOBREBE LELLT B,
1A YFaxX—h LERBCIZIEFEZREZMHE > TV (8808 K1z 2B
L7ZRBC #4%) . 3 A v FaxX—NMNLEbDOTIEMMEIRIZERE L
ERBC MifJ10% & £ TWik, 8HEfl A > F 2 _— M LERBCTIix. Bhij
BARIZEIE LIZRBC HI40% 123 LB S A biz., LLEOKS S b
PL-DPHODMSO:H20 (1:1, v/v) $#iz X 5 RBC oL ELE B % 315 ]
HE LT,

DMSO:H20 (1:1, v/v) RNl —DBHHERTRVDOIZ, B 1IZIFLALD
VVIREHBDMSOD R IZIFHME T LT LES 20, B2z, H200
HATIEY VIRENSmMBIETHNIEE — iz 308, EIENZ o IkE %
MR CER WIS, {312, DPHIZ DMSOIZIZIEM T 5 N H20 2 13 /i
LI2Wle»THD., £/, DMSO:H20 (1:1, v/v) ZBWTH2004tH
WIZPBSEZH WA, BELEBLIALNTE,

2. U VIR E KO R AE o e M o L

K ER itk

1-2.1 B Ekovit 38

RBCIZIEM & ¥ % 2-HUFA-PCIIHE3MPIM1-1. 1 THB L2 b D %
MUV, 2-HUFA-PEX U’2-HUFA-PSIZ 2 EH3M3- 10 H kw5 x|
2-HUFA-PCE R A7 7 FUNKER LEbDEM Wi (Table 3-2. 3-3),
2,4,6-trinitrobenzene sulfonic acid sodium salt (TNBS)t 4 (k2%
MM EFEMIE T H () X AFE Lk,

M IXEI3EEIMI1I-1. 1 L Az b b2 5L L TH 5 o 5 #E 1l % 1]
Wic, 200 EIEHIEBIMI- 1.1 FEO S O E MW,
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Table 3-2. Fatty acid composition of the prepared
PE for the measurement of membrane fluidity
and deformability of RBC.

Soy PE HPE 1-EPA-PE 2-EPA-PE 2-DHA-PE iﬁéng
Sat.
16:0 12,9 210 3.5 122 12.8 173
18:0 3.5 50.1 o 3.5 3.6 7.9
Mono.
1831 1 R S WG T 5.8 5.8 L b
Poly.
1832 G643 2 s §F 3 26.6 ¥ o B o
18:3 6.3 3% 4.5 Il 7 e
20:5(EPA) o e K, £ A 45.4 1.4 14.9
22:5 o e o ws Pt 6.6
22:6(DHA) — — — — .9 | a5l

Abbreviations:Soy PE,phosphatidylethanolamine prepared
through transphosphatidylation of Soy PC; HPE,hydro-
genated PE; 1-EPA-PE,eicosapentaenoic acid(at sn-1)
containing PE; 2-EPA-PE,eicosapentaenoic acid (at sn-2)
containing PE; 2-DHA-PE,docosahexaenoic acid (at sn-2)
containing PE; Salmon roe PE,PE prepared through trans-
phosphatidylation of Salmon roe PC; RBC,red blood cells.



Table 3-3. Fatty acid composition of the prepared

PS5 for the measurement of membrane riuidity
and deformability of RBC.

Soy PS HPS 1-EPA-PS 2-EPA-PS 2-DHA-PS 52;?;2
Sat.
16:0 ¥g .1 191 3.3 14.3 14.9 16.6
18:0 T 585 3 3.8 a5 F S,
Mono.
1821 %) [ 17.8 S 6.3 6:.3 1.9
Poly.
18:2 63.7 e 47.0 277 E 0 -
18:3 6’3 T 4.5 3 AN 2
20:5(EPA) l 5 35, 2 41.8 4 14.6
2245 N = S K 2+4 6.2

22:6 (DHA)

o 395.6 301

Abbreviations:Soy PS,phosphatidylserine prepared through

transphosphatidylation of Soy PC; HPS, hydrogenated PS;
1-EPA-PS,eicosapentaenoic acid(at sn-1) containing PS;

2-EPA-PS,eicosapentaenoic acid (at sn-2) containing PS;

2-DHA-PS,docosahexaenoic acid (at sn-2) containing PS;

Salmon roe PS,PS prepared through transphosphatidylation

of Salmon roe PC; RBC,red blood cells.
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Species of PL employed

Soy PL

HPL
1-EPA-PL WNN§S&&&&&NNNN&&&NN§N§&&&N§§§&§%\ = .
2-EPA-PL \&NﬁN§$ﬁ$§$§§$&&&&&&§&&ﬁ@$§§§ * ¥ »
2-DHA-PIL
2 PC
Salmon roe PL PE
@ PS
EPA:DHA=1:2(PL)\NﬁNNN%&&&&&&N&QN&RNN&&&RNN& *****
3‘X\lhhh'xlhl\\hT\Biﬁxih)Fhﬁr\A}I‘x 5 l " l
0 1 7 3 4 5 6 &)

Fluorescence intensity

Fig.3-6. Comparison of fluorescence intensity among
various PL treatments.

MeantS.D. of measurements for 5~6 times are given in each group

(%) :significantly different(p<0.05) from each PC by paired
t-test
(%% ):significantly different(p<0.01) from each PC by paired

t-test
(%% % ):significantly different(p<0.001) from each PC by

paired t-test
Abbreviations:Soy PL,Soy phospholipid; HPL,hydrogenated PL;
1-EPA-PL,eicosapentaenoic acid(at sn-1) containing PL; 2-EPA
-PL,eicosapentaenoic acid (at sn-2) containing PL; 2-DHA-PL,
docosahexaenoic acid (at sn-2) containing PL; Salmon roe PL,
natural occuring phospholipid prepared from chum salmon roe;
EPA:DHA=1:2(PL) ,mixed 2-EPA-PL and 2-DHA-PL with 1:2(w/w); PC,
phosphatidylcholine; PE,Phosphatidylethanolamine; PS,Phospha-
tidylserine.




treated) L& 28 5% b d (TNBS untreated) o ¢ 1% % Il L .
TR R B UM EH 2 WL 7.

F.0.(%) =
(F.l. of TNBS untreated) -( F.I. of TNBS treated)
(F.I. of TNBS untreated) - (F.l. of control)

x 100

(7272 L F.q.% : Fluorescence quenching % : F.I.: Fluorescence

intensity)
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SRR | | il
Excitation wave length 360 nm Emission wave

length 450 nm

/!

43¢  Outer membrane

Fig.3-7. Diagram of TNBS quenching.

(a) PL-DPH treated on RBC membrane.

(b) TNBS quenching against (a).

(¢) TNBS quenching when treated with PE or PS.
Abbreviations: PE,phosphatidylethanolamine; Pps

phosphatidylserine. Othe abbreviations are the
same as in Fig.3-1 and Table 3-4.
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Species of

Species of

Species of

G  soy pC Wz 7 A—
& HEC P77 2222227777777/ A— *
¢ 1-EPA-PC Wz 7777777222277
¥ 2-EPA-PC ]
O 2-DHA-PC V) 2222

salmon roe PC B L *

EPA: DHA=1: 2 (PC) 27277 1

0.00 . 0.35 | O.éO ' O.;S

T soy PE Wz 77—
W HPE 227 1722227722777 *
O 1-EPA-PE g
¥ 2-EPA-PE Y
i 2-DHA-PE Wz —— -

Salmon roe PE 7777777 f  A—A *«

EPA:DHA=1 : 2 (PE ) 000 [ —

0G0 , 0.55 ' O.&O | 0.25

S soy ps -ZZZZZZ7QZZZZZZZZZZQH
w o HPS 7 77—
{i  1-EPA-PS 7777 122222220 *+
Y 2-EPA-PS g e —— -
m  2-DHA-PS Wz vz —

Salmon roe PS U777 77/ A **

EPA:DHA=1:2(PS 7771 /7 — *

i .5 T T 1
0.00 0.35 0.40 0.45
Degree of polarization

Fig.3-8. Comparison of the degree of polarization
among various PL treatments.

Mean * S.D. of measurements for 5~6 times are given in each group
(%) :significantly different (p<0.05) from Soy PC or PE or PS by
paired t-test

(%% ): 81gn1flcantly different (p<0.01) from Soy PC or PE or PS by
Paired t-test

Abbreviations:EPA:DHA=1:2(PC),mixed 2-EPA-PC and 2-DHA-PC with
1:2; EPA:DHA=1: 2(PE),mixed 2-EPA-PE and 2-DHA-PE with 1: 2; EPA:
DHA—l :2(PS),mixed 2-EPA-PS and 2-DHA-PS with 1:2. Other abbrevi-
ations are the same in Table 3-1~3-3.




B THRISCIEDL AT EITAR W & 72 o 7c, EPARSA T ) VIR & DHAKLE

UMY VIFHOMREMIE~NB LI T B, PCERBIZEBLWTEENA SN
9. PEEIETIIDHAKS G/ PSIERE TIZEPALL & % O i )t 1 23K & i
MEIEIC S LITTRHRENIRE 7 5 210k > TR > Tz, EPAD & 211
BEOENZKB RO LK T, WEFNDIFHE 7 5 2T dsn-241 (2

EPADM G L7172 VIRTI(2-EPA-PL) QLB RBC D i )t J& D 1F 5 A3 U i ]
WHELNIENAERETEEI /o, BMLEEIT >V TH NI ED A, PSAL
BUCE W TREMNA SN IcH, PEERE, DHAK A Y U ISH . KK

VIRE . B0 VIBEHAUHMRBCTIRRMSEAD SN Mot —FH. F
NTOIRHEZ ZARBWT, V7O I 0B LEY VISE CLE L /-
RBCIR OB MEN A RIZLS o, ZDZ Lix, KBOKEY VIEBEOD
RIEFIMZR o720, L0 BN Mo BIC X5 W5 2 % 3

ETHEOH THBEEWERERDA S,

RIT, 4> F 2axX— i ORBCIE D > 5 & i 4 @ 5 i § ML % o 25 4 1z
DWTHGE L (Table 3-5) o RAEIRBCIZ[LR2-EPA-PCULEIRBC D
VD VIRE Tix. Pal (16:0) ®Ole (18:1) M4 L. EPA (20:5) oK
mraiEs» b, DHA (22:6) i bMoEmNL b, 75 % R
ik (20:4) REZDOMONEINiIEE DKL ILIZ 2-EPA-PCUL Mz T % 45k 23
bhighrolee UEDZ EMLRBCHED MMM AL FE B L Ex b5
HFIR B 23 W L. EPARDHAMMIINT B 2 L Tl o i ) ¥: 2510 - L
R g o (o

Berlinb %213 UL DWREIC L > TEPARDHAD R 51z & 5
RBCIKDOEPARSLDHAM Tt O W& s Bk o 1 54z o0 T o 4 p 72 &
NTE ., AW TIXEPARDHAD Y VIR IEMIC 3% H L. RBC i i)
%Aﬁﬂ%%K<WV(fnw“oTMﬁ¢Lk%U&\ERN&UDHAJ%WWUV
IRETIZ B8 W CRBCISE W M % 1 S B D UM BB 2 & a N LT, Jv1]
Mﬁ}rJWVJ&M?HﬁfrvﬂﬁﬁhHdmfZWr&%Mw)fwwwmuMwwmmw%Vkm)<&

TR NG e Uiz Uy D I 8 b 1 AL K ae (7 ALY Kl o Bz b ok

104




Table 3-5. Changes in fatty acid composition of
RBC before and after incubation with 2-EPA-PC.

eaait: SR G,
16:0 308 28.8
18:0 e 9.6
-8 ! 1943 i
1842 L3453 136
20:4 2 13:4
20:5(EPA) 0.9 2.0
2225 b3 1.5
22:6 (DHA) 4.9 5.8
others 5.9 i

Abbreviations are the same as in Table 3-1.
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l INHCROSCOPE

(a)
GLASS PLATE
B A PENETRATING HOLE
WRLL S .,:‘Q;\, MICROGROOVES
qﬁiﬁsﬁlﬁiiiiF’ 0.5 mm
SILICON SUBSTRATE
(b) 10<T ‘/32€m IUnun\\\ijL;//Qsﬂm
e P
TERRACE 207 == 9 Y , 80 sm
e
&/
J
650 grooves X 4
5
>,
\ SILICON
2 & SUBSTRATE
BLOOD
Fig.3-9. Outline structure of the Artificial

Capillary Model.

(a) Outline structure. The silicon substrate surface has the
compartments (Wells) partitioned by the Banks.

(b) Expanded view of the Bank. The level areas(Terraces) are placed
at the two sides of the Bank at the same level to the groove depth.
(c) Blood passage. The contact of the upper surface of the Bank to
the glass plate can be made watertight with mechanical pressing alone
because of the optical flatness of the both surfaces.
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Fig.3-10. Reproducibility of deformability
measurements with Artificial Capillary Model.

(Groove length of the microchannel:10um; Negative pressure
applied into the reservoir 7.4mmHg(10cm H20);Temp.:ambient (24°C)
Control(a) (b):RBC suspensions were prepared by incubation
without PL.

Abbreviations are the same as in Fig.3-1.
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Fig.3-11. Flow curves of RBC treated with various
PL obtained through evaluation of deformability
with Artificial Capillary Model.

(Groove length of the microchannel:10 um; Negative pressure
applied into the reservoir 7.4mmHg(10cm H20); Temp.:ambient
(24°C))

Abbreviations are the same as in Table 3-1~3-3.




<«<— flow direction
(a)RBC treated with HPC(x1,000)

<«<— flow direction

(b)RBC treated with 2-DHA-PC(x1,000)

Fig.3-12. Microscopic observation of RBC treated with
HPC(a) and 2-DHA-PC(b) in microgrooves of Artificial
Capillary Model.

(Groove length of the microchannel:10um; Negative pressure applied
into the reservoir 7.4mmHg(10cm H20); Temp.:ambient (24°C)
Abbreviations are the same as in Table 3-1.
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Microchannel

<«<— flow direction
(a)RBC treated with 2-DHA-PE(x1,000)

flow direction

-<—
(b)RBC treated with 1-EPA-PS(x1,000)

Fig.3-13. Microscopic observation of RBC treated
with 2-DHA-PE(a) and 1-EPA-PS(b) in microgrooves
of Artificial Capillary Model.

(Groove length of the microchannel:10um; Negative pressure
applied into the reservoir 7.4mmHg(10cm H20); Temp.:ambient (24°C)

Abbreviations are the same as in Table 3-2~3-3.
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=€<— Microchannel

<«<— flow direction
RBC treated with Salmon roe PC(x1,000)

Fig.3-14. Microscopic observation of RBC treated
with Salmon roe PC in microgrooves of Artificial
Capillary Model.

(Groove length of the microchannel:10um; Negative pressure applied
into the reservoir 7.4mmHg(10cm H20); Temp.: ambient(24°C)

Abbreviations are the same as in Table 3-1.
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RA, DMS O,
NeuAcnlc @
e
/ Granulicyte
Ganglioside G M3,

TPA, 1,250H)2D3
F-

R,
Eosinophil
Sodium butyrate
e

+ T lymphocyte cell
line conditioned
medium

Bosophil

Table 4-2. Expression of functional characters by retinoic acid-induced
differentiation of HL-60.7%

Functional character HIL.-60 Granulocyte Monocyte/Macrophage
Phagocytosis + + ;5
NBT reduction - e =+
(Superoxide anioon generation)

Bactericidal action 5 + +
Chemotaxis ; & i
Lysozyme + it T
Nonspecific esterase g = +
Ganglioside G M3 it " T
NeuAcnl.c + T J
+ : positive, — : negative, 1 : increase, | : decrease.

Abbreviations: RA, retinoic acid; DMSO, dimethyl sulfoxide; TPA, 12- O-tetradecanoyl-
phorbol-13-acetate; NeuAcnlc, neolacto serics gangliosides.
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Fig.4-1. Effect of exogenously added 2-EPA-PC and
2-DHA-PC on cell growth of HL-60 cells.

Data represent mean*S.D. of three independent experiments.
Abbreviations are the same as in Table 4-1.
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Fig.4-2. Effect of exogenously added DHA and DHA-EE on

cell growth of HL-60 cells.

Data represent mean+S.D. of three independent experiments.
Abbreviations are the same as in Table 4-1.
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Fig.4-3. Effect of exogenously added 2-EPA-PC and

2-DHA-PC
of HL-60

on retinoic acid induced differentiation

cells.

Values represent means*S.D.. %P <0.01 vs.
Values are significantly different from each other.

k kP <0.01

Abbreviations:RA,retinoic acid. Other abbreviations are the

same as 1in

Table 4-1.

RA 100nM.
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Fig.4-4. Comparison of retinoic acid induced
differentiation of HL-60 cells supplemented
with DHA, DHA-EE and 2-DHA-PC.

Values represent means*S.D.. xP<0.01 vs.

RA 100nM.

Values are significantly different from each other.

¥ kP <0.01
Abbreviations are the same as in Table 4-1 and Fig.4-3.
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Fig.4-5. Comparison of retinoic acid induced
differentiation of HL-60 cells supplemented
with EPA, EPA-EE and 2-EPA-PC.

Values represent means*S.D.. %P <0.01 vs. RA 100nM.
Values are significantly different from each other.

% kP <0.01
Abbreviations are the as in Table 4-1 and Fig.4-3.
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Fig.4-6. Effect of exogenously added various PC
molecular species on cell growth of HL-60 cells.
Data represent mean*S.D. of three independent experiments.
Abbreviations are the same as in Table 4-3.
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Fig.4-7. Effect of exogenously added various PC
molecular species on cell growth of HL-60 cells.
Data represent mean*S.D. of three independent experiments.
Abbreviations are the same as in Table 4-3.
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Fig.4-8. Effect of DHA-containing PC molecular
species on retinoic acid induced differentiation

of HL-60 cells.

Values represent means*S.D.. *P <0.01 vs. RA 100nM.
Values are significantly different from each other.

% kP <0.01, s % %P <0.05
Abbreviations are the same as in Fig.4-3 and Table 4-3.
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Fig.4-10. Effect of exogenously added various PE
molecular species on cell growth of HL-60 cells.
Data represent mean+*S.D. of three independent experiments.
Abbreviations are the same as in Table 4-4.
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Fig.4-11. Comparison of retinoic acid induced
differentiation of HL-60 cells supplemented
with 2-EPA-PC and 2-EPA-PE.

Values represent means*S.D.. %P <0.01 vs. RA 100nM.
Values are significantly different from each other.
sk kP <0.01

Abbreviations are the same as in Table 4-1 and Table 4-4.
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Effect of DHA-containing PE molecular

species on retinoic acid induced differentiation
of HL-60 cells.

Values represent means=*S.D..

**p <0.01 vs. Control.

Abbreviations are the same as in Fig.4-3 and Table 4-4.

*P <0.01 vs.

RA 100nM.
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Fig.4-13. Effect of DHA-containing PS molecular
species on retinoic acid induced differentiation
of HL-60 cells.

Values represent means*S.D.. *P <0.01 vs. RA 100nM.

**p <0.05 vs. Control.
Abbreviations are the same as in Fig.4-3 and Table 4-4.
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