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Molecular Species of the Enzymatically Synthesized Polyunsaturated
Fatty Acid Rich Triglyceride

Kyoichi Osada,*!.2 Koretaro Takahashi,** Mutsuo Hatano,*?
and Masashi Hosokawa*?

Enzymatic glyceride synthesis and acid interchange using icosapentaenoic acid (EPA),
docosahexaenoic acid (DHA), y-linolenic acid (GLA), and EPA and DHA concentrated saponi-
fied fatty acid mixture obtained from sardine oil were carried out through the use of four
kinds of microbial lipases.

Lipase TOYO (Chromobacterium viscosum) was the most effective enzyme for glyceride
synthesis as well as acid interchange of triglyceride (TG) rich in polyunsaturated fatty acids.
There was a general tendency, except with Lipase TOYO, that DHA was difficult to be in-
corporated into a glycerol molecule compared to the other fatty acids. ‘

Fatty acid composition of TG synthesized from a highly concentrated fatty acid mixture
(EPA+DHA: 68.8%) by the use of Lipase TOYO and Lipase' OF (Candida cylindracea),
directly reflected that of the substrate fatty acid flixture (i.e. EPA+DHA was more than 65%).
And the TG molecular species having combination of only EPA and DHA such as (EPA,
EPA, EPA), (EPA, EPA, DHA), (EPA, DHA, DHA), and (DHA, DHA, DHA) were dominant

accounting for the half of the obtained TG.
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Fig. 1. Optimum water content for glyceride synthesis by microbial lipases.
Symbols indicate ®@: degree of synthesis (%), a: rate of synthesized TG (%).
Reaction time: Lipase OF, 12 h; Lipase TOYO, 24 h; Lipase A, 24 h.
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Fig. 2. Effect of lipase activity on glyceride synthesis using oleic acid as substrate.
Reaction time: Lipase OF, 30 min; Lipase TOYO, 3 h; Palatase, 12 h; Lipase A, 12 h.
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dual EPA, DHA, and GLA on enzymatic
glyceride synthesis.

Table 1.

Fatty acid composition of the synthe-

sized TG by Lipase OF and Lipase TOYO
glyceride synthesis system using equal molar
EPA, DHA, and GLA mixture as substrate.

Fatty acid Fatty acid

Lipase (%)
composition
EPA 33.3
Lipase OF DHA 26.7
GLA 40.0
EPA 29.6
Lipase TOYO DHA 33.6
GLA 36.8
EPA 32.6
Chemical DHA 34.1
synthesis GLA 33.3

T brY/TEb= YA (1:1v/V), W 0.5 ml/min,

A7 A 18°C, MHi%: Hiz 655A-30 BURXEIT

#to

601

40

Content of component (%)

201
T6 76

0 v
Lipase OF Lipase TOYO

Fig. 4. Lipid composition of the synthesizedoil
: obtained by Lipase OF and Lipase TOYO -
using equal molar EPA, DHA, and GLA
mixture as substrate.
Abbreviations
TG: Triglyceride, FFA: Free fatty acid, DG:
Diglyceride, MG: Monoglyceride.
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Fig. 5, Reverse phase HPLC chromatograms of
the synthesized triglyceride using eqal molar
EPA, DHA, and GLA mixture as substrate.
Peaks are:

(EPA, EPA, EPA), 2: (EPA, EPA,
DHA), 3: (EPA, DHA, DHA), 4: (DHA,
DHA, DHA), 5: (EPA, EPA, GLA), 6
(EPA, DHA, GLA), 7: (DHA, DHA,
GLA), 8: (EPA, GLA, GLA), 9: (GLA,
GLA, DHA), 10: (GLA, GLA, GLA).
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Fig. 6. Reverse phase HPLC chromatograms of the acid interchanged triglyceride prepared
from triolein and EPA, from triolein and DHA, and from triolein and GLA, respectively

as substrate.

Peaks are: 1: (EPA, EPA, EPA), 2: (EPA, EPA, 18:1), 3: (EPA, 18:1, 18:1), 4: (18:1,
18:1, 18:1), 5: (DHA, DHA, DHA), 6: (DHA, DHA, 18:1), 7: (DHA, 18:1,
18:1), 8: (GLA, GLA, GLA), 9: (GLA, GLA, 18:1), 10: (GLA, 18:1, 18:1).
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W8®, Fig. 2 @&+ X 51, Lipase OF 1%, 30 4o
RGBT 76500 BLEREBERICK & B (br Tads
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i, 3RO T 200U D A RERT K &R
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Fig. 7. Lipid composition of the synthesized oil
by Lipase OF and Lipase TOYO using EPA
and DHA concentrated fatty acid mixture
obtained from sardine oil as substrate.

For the abbreviations, see Fig. 4.

12 B ORIET 260U Ll RIRARENRAELS 8D
T ELEEBEREY 260U L L, .
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HHA PUFA i35 (FREEY B35 nic 9%
HEo#iED EPA, DHA, GLA 0¥ & (WTFhiH
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2dh T D PUFA & 90% LI EDAREITEL, &



124 RH, =& PHEE, #

2
i
3 Lipase OF Lipase TOYO
45
67
U
14
) I ‘\M\\
1 L ) 1
20 40 20 40
Retention time (min) Retention time (min)
051
9

Original sardine oil

L e

20 40

Retention time (min)

60 80

Fig. 8. Reverse phase HPLC chromatograms of the synthesized TG by Lipase OF and Lipase
TOYO using EPA and DHA concentrated fatty acid mixture obtained from sardine oil as

substrate.

Peaks are: 1: (EPA, EPA, EPA), 2: (EPA, EPA, DHA), 3: (EPA, DHA, DHA), 4: (DHA,
DHA, DHA), 5: (19:2, EPA, EPA), 6: (19:2, EPA, DHA), 7: (16:1, EPA,
DHA), 8: (14:0, EPA, DHA), 9: (18:1, EPA, DHA), 10: (16:0, EPA, EPA),
11: (16:0, EPA, DHA), 12: (16:1, 16:1, DHA), 13: (22:2, EPA, DHA), 14:

(18:0, EPA, EPA).

Table 2. Fatty acid composition of the synthe-
sized TG by Lipase OF and Lipase TOYO
glyceride synthesis system using EPA and
DHA concentrated fatty acid mixture obtain-
ed from sardine oil as substrate.

in Synthesized

Fatty Substrate TG (%)
acid FEA (%) Lipase Lipase
OF TOYO
EPA 43.5 42.2 39.3
DHA 25.3 24.2 25.2

Total 68.8 66.4 64.5

T Lipase OF »° 70% RiEO&EBERICE Lic, £48
fff & LT Lipase TOYO *#B %, WTFhoBE L
PUFA 0Tl DHA /T 5/EEAEGZ 23 5
helnoT,

EPA, DHA, GLA O%EEAEHERW&LEQY
Y1) F&®E EPA:DHA:GLA % 1:1:1 o=l
CRAEL, BEEEROWTZ ) 2 ) FERET-F
= Lipase OF 7 HONT Lipase TOYO 2MENRTHK
BEERL, Fig. 4 WRLICX 5 30% © TG #H 5
T EMTE, ZDOIRHBREROMNR (Table 1) 135
LT o bHEARE (7)) v ) v LIRS,

CH,ONa {#f, 130°C, 7h) Ti3%& PUFA 3ZEThH
D, V- EREXCIE GLA 23 d i<, Lipase
OF iz DHA, Lipase TOYO i EPA 2i0R2{E\»
R RD b, FE, Bbhic TG o4FREHEART
DUWTHEE LiessE, Fig. 5 ©iR L X 1< Lipase OF
Tk TG 5FAR 240 FEED EPA % 204F&T
&% (EPA, EPA, EPA) & (EPA, EPA, DHA) 23fid
rsm= 79 a Lbd M KEL, —7F, Lipase
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TOYO Tk FWw 2 45 FLL LD DHA %4047
(DHA, DHA, DHA), (EPA, DHA, DHA), (DHA,
DHA, GLA) #Mfio 7 m= b+ 75 2 L b LR KA
Eotc, Thik, £V - ¥OIRIHBEREN RS
NlledTHB EELBRS,

EPA, DHA, GLA ZhEhOERZANLEDOT
ATLZH 4 FBEOY - L AWT=A T AZHEY
7w~ EPA, DHA, GLA 0o+ V4 L1 v (FIE 99%,
Sigma) ~DEALDWTHTE VAT et LIcfER
(Fig. 6), & v#1F Lipase OF, Lipase TOYO 73&\
EEE R L, BB O (EPA, EPA, EPA) 04 $ D
bife, Lipase TOYO Tix& bz (DHA, DHA,
DHA) o4 4 588 bittc, Lipozyme & Lipase A 1%
BRI TG OELEINZ LA ERD BRI T, &0
CENBINLDY S—EH 13- BERERE TS
D ThHAH EEZ b,

41T L@ EPA, DHA BEigihzEE L L
SUR) EARE A7 vy v (L4 o EPA - DHA
OEFELH 68.8% W TEM LA v viHESIEE
BEEERE LTI Y ) FERET- 1ofER, Fig. 71
s~ L7 X 51 Lipase OF & Lipase TOYO I k& » Ty
45% © TG BEH - RN TE, =D TG DIEHEEHE
B oW TR Lic#EE (Table 2), Lipase TOYO ©
EPA--DHA %% 64.5%, Lipase OF T3 66.1%
LELTEDY, 7Y ) FAREEWTIIHERY =2
TATIOEE L3R, KEOIRHBERR LD
ERBEIND SO LB I, Ebik, EPA * DHA
DH X YD HFHE, Tickhb (EPA, EPA, EPA),
(EPA, EPA, DHA), (EPA, DHA, DHA), (DHA,
DHA, DHA) 7%y 50% % &H®» T\ ik (Fig. 8),
HEOESIENH®BO PUFA ORELSFEHELHTS -

L X% c&niE, Lipase OF % Lipase TOYO %
5T Ll X iRiyE S e PUFA 2 BRECEE T
TG % {H BB LERTIOTHD, ZORDEERE
PERERRDDEELDRS,

= #

A FEEOWAEYIRY < — € % T EPA, DHA,
GLA DENFROBERILPORINLOEERAYY
FEEELTZY ) FERE{T- %, Lipase TOYO &
Lipase OF 2YEhic 7V + Y FERE®EEZRL, =AF
AZSHT 35T U Lipase TOYO 0 %2 (DHA, DHA®
DHA) %&£ L7z, 2 boD B % 13 EPA+DHA 28
68.8% DEBE I VH 45% o TG INET 65% HiED
EPA+DHA % &%r TG %4ERKL, £D5% EPA &
DHA o0& X hEa TG HFELH 50% EE LI,

X ik
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