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Bioconversion of Highly Unsaturated Phospholipids
and It’s Biological Functions
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Abstract: Biocatalytic approaches were rational ways to prepare and modify highly unsaturated
phospholipids (HUFA-PL). The prepared HUFA-PL showed an antitumor effect in vivo, a promotional
effect on cell differentiation, and an increase in deformability of erythrocytes in vitro.
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IA YR T VB (EPA) R RFad~FH B
(DHA) 27 Y VEDOBERBMY VIBEIE, SE
TEFRIhER L U Y IRERBER O e, £
BERORBECH L, U VEEIE, HL{roB&RIA
PEEEZHE L THHEHEIRTWEZ S, BERSE
FEBEOFBEEr I VIRAVEAETHAT 9
2, DRBGEBEZE VRS,

EEAGMY VIREICEHEBN ERELT, ThET
RN IERE O S FEEERY, - RF VS
F-XYIiIxT RN EEERY, WEOEEBER L
VEFY R ERBMESITVSE (FROEBBRHICTED S
NTVWBDTERIEX /W), RETIE, RERSR
HENTEERRES v MOTTAEGHRE) &vo 2
ORSICBTAH-eREEDRH I TS, BER
Y VIREEoBE LR ECHGE T TE NG,
FOREBEMBMTPFMICEL, RERBBEEBEEORE
£, DOTRAHAAFROIERANEDLRBLETHS I,

FOEBLLAFMELT, BEEERZOF AR
Fohb, BEAENY YEER, 5FESSEESSO
LERBICIVER2BEL LT, 20720, BENE

EiEE  BE BRE
E-mail : kore@fish.hokudai.ac.jp

Rz B EETCHED L Z EHFTELBRAOFA
BHEIZE- 7LDV S, BRETARERIGEIT
B ENKSBEZEREVRTRERZ ST, KISFE
ZIEOFMIZL o T TRPLEE R D, 207280
ICREBEEEOMENRGORMELR Y, -t ERZEWH
DEFEDPR PR\,

ARTIE, BEASEN) VBEOBRHREEIION
TRIFISOHIEEZ ERICHEHT 5. $72, SEAEM
Y VIRERE LTKEREDPELETHLH L, BEAR
B VIEEOBESEICELT, EEL0RETER
WMAT 5. EPA, DHAKRESTY, TIF FVEBEER
T5YVEREDEELRBEAEA) VRETED 5,
ZORFICHAL CEEADOME LHE L

2 BET@MYCEESTFEOARRIS

2.1 UHBHE sn-2 fiNDOEERBEIEHEBOEA
ERNTENRATRBRELRZATLIEERSEMY >~
B, sn2 NICEEAMEFBRLZEST S, 20
X% VIREERAET L2011, sn-2 (LICERYE
ERTERAFYN—-F A, FHOZ X7 VEBRIGA
E5CH D (Scheme 1(a))s
KERICEFNLIKDEZHMECHETAILET, Y
VY UiEE L EPA % DHA £ O AT VEREBHE
H, sn-2 ML EEARFEHBRISBRWICEASINS
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(a) esterification
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Scheme 1

(Table Do LA*L, FAFYS—F A1, MWIEOHE
WIEKHWOLNRTWA Y N—B LB LT, EFEKGE
OREDPHEL L, BORINREZHEDL Z P INETH
BTHo 0, EHSIX, FRIFKISOMKSHEE IE

Table 1 Positional Specificity of Phospholipase A,~Mediated
Esterification :

Positional analysis of fatty acid

Synthesized
2-EPA-PE Sn-1 position of  sn-2 position of
PE PE

16:0 10.1 18.8 0.4
18:0 3.2 5.6 0.2
18 : 1 6.6 12.8 0.6
18:2 29.6 56.7 2.7
20 15 (EPA) 47.2 0.1 94.5

T 5729, Water Mimics (ZEAGREY) & LTk
VAT I FEANLEZARFY - A, DIEBELY, &
ETIBITBKRGOHEE ISP PEHIREBICEL L X
DRIR L RKBEKGRTFENV LT R FOBREEIZDNT
WE L7z ZORR, BRFHEEO S &% biREEA
DOEM, FICHEBNETMIIEETARHALVLT I FE
KGOBRETI LWLk oT, 76 EV%BU EOEK
REB/BBIZE-7 (Table 2)?,

—F, V7 VAED) VIRED sn-2 % R XK 8—
YA Lo T, EESERMBHEE R L6
bWETH S, LrL, BEREMEHBROCHER, I
CICRBBICEINTE L) YIEEOWRNRIE NS &2
L, BEEACTHEAERZAELRWAZWEY . Zhicw
L, 3B —ExHEY VIBED sn-1
i, sn-2 fLORERIBEZ XA T 52 L3 TE %L R 57,
WEHBEB I AT VRS & o TEERSEMY &~
PREZBLIEHTETHSY,

2-2 BEARYCIRED sn-1 LIEHBOTHE
mEARMY) Y IRE OB CER ORI, Fon

FHEICL>TLIELIZRER S, T sn-1HOT ¥
VETHEOLDICBERTHILELEUBEEH 5,

Table 2 Comparison of Depriving Water Techniques on PLA, Mediated 2-DHA-PC

Synthesis Conducted under Decompression Condition

12)

Technique Temp. Pressure Time Z_D%i;iz) yield
Additional PLA; (60mg) after 48h | 40 C | Decompression | 120h 764
Wiping out condensed dews™ 4 3 s 76.1
With molecular sieve trap ” 2 2 70.7
Under elevated temperature 50 C ” 48h 447
Dehumidify over P,Os 40T Atmospheric | 120h 479

Reaction mixture : LPC 110 mg, DHA-FFA 180 mg, PLA, 60 mg, glycerol 5500 mg, CaCl,
3 pmol, Formamide 0.5 ml Decompression was carried out under 80120 %107 Torr.
*Dews inside the walls of the containers were identified as mixtures of formamide and

water.
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sn-1RCHEREERT ) S—¥E2Hwb2LT,
Scheme 1 (b)Y @ X 512 One step DRETHFHED
EIEEE & OB TH B
COTVFYVARBIZBWTY, BNEMEKTER
ARICHZECERFBRBRELF L7012, Water
Mimics DFIF & BEKS OBIEIHED TEEIC L 5™ 7,
EH53, VA-EOEREICLELRKO—BE T

Loy a— VBT 5 2 T, RIS ED -

ZEEBEL2IZ LAY, Water Mimics DR A ERHE
KEDEBEEOTEMIBLTIE, BREREL-RHZS
BEninwd,

3 RAPHROZEAREMY »EHOUERD

31 KEREWHOEEREMY VIBE
BEASM) VR RBENSCEULRIEL LT,
KEWRRMES Z2RBOPE Y VERAFETON
5o EELIIKERFEROANFALZHSL BHL S, T
REREWICEETND Y VIBEICEHL, TOFEAE
IZDOWTHIZE 2 EDH TV 5 (Scheme 2)o

Skin
Highly Functional
[ ~5

Muscle

Scheme 2

AAOMILTRTHHEINAIER I VI,
DHA OB A 30% L Ficd BAaY VIEE (Table 3)
PHENEEICEINLTEY, ZOHMUEFEIIBEICHETL
ENTWBER, 72, @INCEBELYOd i3 hEN
dkg L EIZH B ED, BALICB L EREEL B E 2 DFH
EHFREEINTYD, TOETIEEDOTNDATDHE
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Fig. 1 Transphosphatidylation of Squid
Skin Phosphatidylcholine with
Phospholipase D.%®
Reaction conditions; 0.8 unit of
phospholipase D, 3 mL of 3.4 M
L-serine-containing 0.2 M acetate
buffer (pH 5.5), 2.5 mL of ethyl
acetate, 30 mg of squid skin
phosphatidylcholine, 30°C, 500 rpm.

% 220 FREEES ShTBY, AOEABEORR
PHEEINTWDE, TOL)RT Ty OBRALIr LTS
J=VEBOWTESCHY) VBB T2 BT
bo HARHENOHIB LY VIREIE, IBIEERC
5 EPA # DHA OEI&EFEICE L (Table 3),
MEDOEFHHA PC, PET55%L L, BEPE T
50%8TICD R, AFREFBRESNIERIED S
B, RMBOBERGMY VEBEE LTEDTHET
HbhHo FDATEKEEY DM ZE ST BEARR RAH
BN FL LB VED,
3.2 EEFRHNYCEEORIT 7F I INVEGEBRIG
PC L PE%REWS LT HKEHEDY VIRE I,

Table 3 Fatty Acid Composition of Marine Phospholipids and Converted Phospholipids

Squid skin Squid skin = Squid skin Salmon

Salmon  Salmon Salmon testis PDPS™  ODPE*

lecithin*! PC PS*? muscle PC muscle PE testis PE =~ LPE*?
16:0 30.0 36.9 38.0 214 16.1 11.2 05 46.6 14
18:0 38 1.6 1.7 0.8 5.7 3.6 0.4 0.6 tr.
18:1 2.9 2.0 19 5.6 10.0 205 0.3 08 458
20:4 3.2 0.9 1.1 1.0 9.0 4.5 6.4 fr. tr.
20:5 (EPA) 15.1 8.0 8.9 20.1 9.0 30.7 42.4 2.7 1.4
22:6 (DHA) 36.8 44.2 433 408 46.5 20.3 44.7 16.6 49.1

*1. total phospholipids separated from squid skin, *% phosphatidylserine (PS) converted from squid skin PC by
phospholipase D-mediated transphosphatidylation, *% lysophosphatidylethanolamine prepared from salmon testis
- phosphatidylethanolamine (PE) by lipase-mediated partial hydrolytic reaction, *% PS and PE prepared with

enzymatic reaction.
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BEICENBARICE FAEBER" PHEshTwba,
ERGORLZ ) VIRERBIIERTIZILIZE T,
SOLLPMBELECXLIEMICERTEL, #0
—BlE LCid, MEMBRREMNRY® MERESh Ty
BERAT7TFINEY v BEBITONE,

A HBEHEROEEREMY VIREEEEL LT, kX
RYNR—EDENALLERAT 7 FIVNVEEBED
(Scheme 1(¢)) #4752 &2k b, FRBMLICRE
THZELRLBEABMNAZA 7 7 FINEY V2 BHE
EDTES (Fig. 1, Table3)®, FA7 7 F I NEixk
ISk, REREFSICKES BETLIENHSL
PehoTEL, BEMICHFIHTER -~V 25
WARSE, BIZ7E bRt VBEHEORERE LR
THILEDOHRTHINENICKIEAED Z &AL 722,
ZDEIBRFRATrFINEEBRIESIE, WHIETLE
C2THBL-ZEEERSMY VIBEOEERBEIZD
BRAWERETHY, FRAT7F IV VRFAT7FY
WIY )= VT I~ OBEBRIEEHHATLIZ &L
T, BRALGEERHM) VIBESFRORENTES
(Table 3).

FAR)NN—F¥DEHWIART 7 F VNEEBK
WAL TIE, ThETE) VR Y ) —AVT IO
RIS UM D k4 RSP HES L TEBY, Sk
ISR A RETH B,

3:3 BWAMAIBRICEZFABL -SERGBMYJY >
gD

KEMUSNDOEEREIMY VIFEIEE L CTii DHA 3
1LIRE ) VIgEE TS, LA L, TREFERMEAICE
% DHA OEIEFBERTH W0BREICE LT &R
5, DHA OFREMAFEBETNTE L, 2OMRE
& LT, Scheme 1(d) 1IR3 SIS SIS A B R
TH50, ZORETE, V VIEESTOEENENE
RO A 7 VA T TOMWMAKSBENZ WL I,
FIGR P DK 8% FREASEEBICHE T 5 2 L A5R
AV Mhb, EELCOERTIE, 500 a, =04
R LY S—E 2B TEHSMAGRES 24T
L&D, EIRENDY VIEEF O DHA E6FF% 3
DRCECEgHETE (Fig. 2% 4 1EY VIgE%2H
Wz BATHFEBRIC, DHA % 60%EEICETE
Fho b c&i (Fig. 20, &£KT 29 VY VEEF
CEHESEERBMBHBFEGEINTBY, YVER
77 FVNay YE4 TR, EPA ¥ DHA O#EBROE
T S5RFREEIZ F THE LT

60
()  (b)
& g0} i
3 !
© , .
© £
£ 20/ :
©
u- F
0 . e S
0 4 8 0 4 8

Time (h)

Fig. 2 Concentration of DHA in Phospholipid Fraction by
Lipase Mediated Partial Hydrolytic Reaction.®”
(a); DHA enriched egg-yolk lecithin, (b); squid skin
lecithin.
Reaction conditions; 53 mg of Lipozyme IM
(immobilized enzyme, adjusted to a,, = 0.44), 2.0 mL of
n-hexane, 20 mg of lecithin, 40°C, 75 strokes / min.
-&- palmitic, -0~ stearic, -O- Oleic, -@- DHA

s Squid skin PL rich in DHA

= = — —  Egg yolk PL
= « =« Fish oit {Triacylglycerol)
e GORTLrO|
100 | e
S
ki
o
<
=
T 500
g P <0.01
7B
NS
o ! 1 . , w , 1P <0.01

25 26 27 28 29 30
Age of SHR-SP (weeks)
Fig. 3 Effect of Feeding with Diet Containing Various Type

of Fatty Acids on Survival of SHR-SP”,
PL; phospholipid.

4 SEARMY CIEE OB

4-1 BOREICHT 5 EBEEE
&, BEASNY VIFEORORSIZI AMNESS
FEUEBMEBRBET v MCHTHEGE (Fig. 3)7
R AdAY ST RACHTIMT LAF -3 82, 72,
T hPZUOGWENIESES Lo NSRS
HESNTWEY, BICEB S5 Z LiE, BERBM
U VEBEORRS N Z) ) FEREL Y LEZTHS
VI HETHE, OERE LT, BERIGIEDEL
EPRHEBEINTVEY, BRATRBREBLMIERT
i, SHBOTEEESEFEINS,
4-2 RSO FEREE
BImmAE, LF A4 VBREREY Y I VD, &



Yioky, ERBMERICHMESFES LY, Ll
—HT, BREOEHZ L AEEEIEBEE Y, SHH
AL aR5BBBICHET AV EDSLN TS, &
ERGEM) VEEICGILEES L o ASGRESEDO O
i, BHRRE~NOILHPBRFETE S, LRELFET
FRLIZVCODOHERBMY VIRESFEEZH
T, kb METEREALBMRE (HL-60 M8 <451
F 4 B dibutyryl cAMP O AL FHEIER IR IZT
R & B U2 R, sn-1 fLic VI F VB2t
FVUA VBEEL, sn-2h DHA OSFREICBIT 54
RAMEVEETH o720, 72, B—0FHE (F—0kEH
BEREOHAEDLYE) ThHoTH PCHEIZHRPER
RLEOFRHICLZHEIEL (Fig. 4), FRFICE A
LLWHEMAMEDIRDOON, 20X R HEHE
i, sn2fBF VAL VB VIRESTFRETIREAD S
nyg, £z, ThEcHRESN T LEERHBEEED
DHA O™ X 3 3vb D THo7- (Fig. 4),
c-myc BRETY BE L OEEMBETEARERL,
B 2 BE~OBEPREER TS, DHA-PE

RA 100nM

RA 100nM +
Soy PC 125 M
RA 100nM + =
DHA-FFA 25 M JE
RA 100nM + :
DHA-EE 25 uM
RA 100nM +
2-DHA-PC 125 uM

80 100
NBT reducing activity (%)

RA 100nM

RA 100nM +
ODPC 125 um

RA 100nM +
ODPE 125 uM

RA 100nM + R
OOPC 125 uM R

RA 100nM +
OOPE 12.5 M

0 20 40 60 80 100
NBT reducing activity (%)

Fig. 4 Effect of 2-DHA Phospholipid on RA-induced
Differentiation of HL-60 Cells.
Values represent means + S.D., *P < 0.01 vs. RA 100 nM,
**P<0.01 vs. 2-DHA-PC 12.5 uM, ***P < 0.01 vs. ODPC
12.5 uM.
RA; retinoic acid, 2-DHA-PC; phosphatidylcholine
containing DHA at sn-2 position, ODPE; 1-oleoyl,
2-docosahexaenoyl phosphatidylethanolamine.
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C-MYyC c-jun
(2.3kb) (2.7kb)

B -actin
(2.0kb)

B -actin-
(2.0kb)

Fig. 5 Expression of c-myc and c—un mRNA in HL-60 Cells
Treated with Dibutyryl cAMP and 2-DHA Phos-
phatidylethanolamine.

(a); HL-60 cells (5X 10"cells/mL) were incubated with
100 uM dbcAMP for 48h after preincubation with
ODPE for 24h.

(b); HL-60 cells (5% 10%cells/mL) were incubated with
200 uM dbcAMP and 0.5 mM IBMX for 24 h after
preincubation with 50 uM ODPE for 24 h. dbcAMP;
dibutyryl cAMP, ODPE; 1-oleoyl, 2-docosahexaenoyl
phosphatidylethanolamine.

(sn-2 i DHA # &% PE) THALHEL, dibutyryl
cAMP THMLEFE L 7= HL-60 MifE Tlid, c-myc FEIE
FORBUKET (Fig. 5) PROLNTWE, 220k
&, MROSICEELRBEEH R/ AP-1 BE5ERT%
I F¥ 5 c-jun BEFY OEELFHEM (Fig. 5)
HEEIENTRBY, AETRBEOHBZAL-BE
gAY CPREC X MRS TR ORI R
b,

FoRETE, BEARSEMNY) VIBESMBBECEET
A MHC 1% /327 B D g-chain D5 FHEER TS
FHILLHEINTVAEY, MHC 1% v 37 Eid
T-cell DEREZFIHT 2R TH L 05, BERE
MY CYBEEICL 2REMBOREBEESRESATY
5

—77, MROBRZEL OB{KIETTFSEHL,ICERTIE
VWA, in vivo KB AHESERHIHEI R TY
%o Jenski & X BEMHIMFE T27 AL HEL /-
<Y R, DHA-Y VBB RV — 2 2 BEENEST 5
TEIED, EGFRESNAONDLZEERHEL, £ES
b, Meth A#fa%BH L7z~ 212 DHA-Y VIEEY
Ry -4 (PC:PS=T7:3) *RFEHTEILICLY,
AR F NEEE IR T 2 LB GR VIR 22
(Fig. 6)* 2FDT VB, Z D8, in vitro BV TIE
Meth AMIBB OB L FEKKIC, Huidbdvro
77— VRBROBEMR L AREOTTEZ RO TS
CR#ERD) . Lo L, ¥4 775 OREEERSIC LT
DHA-PC HHlEERESFE LR T b DD DHA-PC DA
TREEMEA RS h ol (e kE—KERER) &
b, JVBREORERSVPIEEEICELEboT
WL I EPRBEEN, 5%, U UVRESTHEES
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Liposome (Img 3 shdts. 3 weeks)

i

Fig. 6 Antitumor Effect of 2-DHA Phospholipid Liposome on Meth-A Fibrosarcoma Bearing BALB/c

Mice.®

MBOBBRIZOVTHEERSICOEE LD OFEMICKR
HILLENDH D,
4-3 FIOBREHEOKEER

BEREMY VIEEIE, in vitro Tk PARIMMBRKICEY
AFNBEEREZRLESE T/ 70T ¥ ALT

120+
100
80-
60+
404
20.

Flow volume (pL)

i i L i i " 1 I —

50 60

0 10 20 30 - 40
Time (s)

Fig.7  Flow Curves of Human Erythrocytes Treated with
Some PCs and DHA-Egg LPC for 1 h Obtained
through Evaluation of Deformability with Artificial
Capillary Model.®®
DHA-egg PC, phosphatidylcholine separated from
DHA enriched egg-yolk lecithin; DHA~egg LPC,
lysophosphatidylcholine prepared by partial
hydrolytic reaction of DHA-egg PC.

-O- control, ~@- soy PC 10 uM, -~ DHA-egg
PC 10 uM, -A- DHA- egg LPC 5 uM, -4&- DHA-
egg LPC 10 uM

L—I2 BT A RMERDOFEZ B, HIZ, Scheme 1
(d) 7oA CHBIL: SERMEN2-7 Y VEDY
VU VIRE R, EBRETHERLHICHFMERICE Y AT
h, TR LRERRTS (Fig. 7). T ORI,
R—natcREBLZRKEHRD 2-T I VEY V)
VIBETEEDONR . F2, FAFYIN—E AL
ToTHRBLAERD I-T VB VY VEEHE & B
LT, BIEORYZ &I TH B,
COEIREEREF -7 VR VY VREIR,
MEREFICH Lo THEL () VIREMEP 5 ~
20%), BRIZ7 9% FUEER DHA 2 Wik T AEELIEE
HETHEIEWRBENTHWE®Y, LilL, 2-7¥
VR VY VEREORORES 2 AL RRICHE L Tiddk
EREL BORTVI RS, SBRIOETEDFEHR
TRHAPLETH DL, AL THIRRMIVFEL
FHLWEEROSESSEMY VBB E L TEKREY,

5 BhHUIC

ARTR, EF50ONRRRLPOCEERSEY ~
FRE D TR CFRELRET 5 HEICOWTHET
L e b, REREWHIIHEAREMY) VIRENFEE
NTwaI Eizdfns, ERYT A 7 IVENBETS
n, Tho2BBEMCHELTW LG AEER
hoT&h, FOLOOAL VvV F 4 T2E52572DIC
i, BTEICEWMICEST S EERIEOEH A
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BETHbI, bk Yty VBRI bioavailability
CEHBAYE - EEEEE) CERLFRETHL
Lo, ZOMEFREEO TRV EEL LN, it
BROK LS THRAAERORBISHOBETH b,
ZHEC b AARMAIEI NG,
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