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Molecular Species of the Enzymatically Synthesized Polyunsaturated
Fatty Acid Rich Triglyceride

Kyoichi Osada,*!* 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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Fig. 3. Degree of incorporations of the indivi-

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
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Fig. 4. Lipid composition of the synthesized oil

obtained by Lipase OF and Lipase TOYOQ
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:
1: (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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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.
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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
o,

Fatty Substrate TG (%)
3 [
acid FFA (%) 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

¢ Lipase OF 7% 70% BiOEGRRCE Lk, 244y
fiA & LT Lipase TOYO %%, WTFh o E L
PUFA o it DHA 23+ 5ERM 8\ & A8 5
hEitotc,

EPA, DHA, GLA OZRBEGEEERWI-LEQY
&) FAR#E EPA:DHA:GLA % 1:1:1 o=l
CREL, BEEECOWTZY v ) FEREYT-» 18
B, Lipase OF 7r 50Nz Lipase TOYO HMERTAHK
%R, Fig. 4 WiRL7 X 5§ 30% © TG ##5
ZEAT &I, OB DOMR (Table 1) 1IMHR
ELTT - bR RE (F Y 2 ) v L EhmSEE L,
CHONa {#/, 130°C, 7h) Tit4& PUFA 3%8BTh
D, ) A— YABX T GLA 2\ Fh i &<, Lipase
OF % DHA, Lipase TOYO it EPA pifEL
HEAERD bhtc, HE, Bbhk TG OAFREARIT
OV TR LckER, Fig. 5 R L7 & 5 Lipase OF
T TG HFAE 249F kD EPA % 4 oNFHT
»% (EPA, EPA, EPA) & (EPA, EPA, DHA) #4t®
7e= 77 o kb HRRC KEL, —%, Lipase
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TOYO Tk4rFRIC245FE ED DHA 24240 F &
(DHA, DHA, DHA), (EPA, DHA, DHA), (DHA,
DHA, GLA) MDDz u=t 25 4 kb & HEMACK
Ehote, Thik, &Y <~ COIRHBRERENRBR
RicredTHBLELLNSD,

EPA, DHA, GLA EhEFhOESZERW-LE0X
ATAL]R 4 BEO) A —CEHAVT= AT AZLHEY
v~ EPA, DHA, GLA D r U A v Ay (JE 99%,
Sigma) ~OHEALZDCTHTFE VLT BRI LER
(Fig. 6), & bl Lipase OF, Lipase TOYO 23F\»
ERAYRL, BEEE o (EPA, EPA, EPA) oEL LD
bhiz, Lipase TOYO Tir& 6 (DHA, DHA,
DHA) 04 1, B b, Lipozyme & Lipase A i3
BHBA TG OELIIBEALRD DR, 20
LEMBIRLDY AN LI EEREYET S
TeHTHB EFE 2 bR,

4T My b0 EPA, DHA B E B &L L
FUey EAK 17 vy v {L¥ o EPA X DHA
OEEBA 68.8% CETEMLICA 7 v HMESIE
BMEEEL LT ) FERET-HEE, Fig. 71
L7 X 3 Lipase OF b Lipase TOYO i X » T§
45% o TG #1BH - &30 CTEL, =0 TG DRRFEEA
BT oW TR LT#EE (Table 2), Lipase TOYO ¢
EPA+DHA »'% 64.5%, Lipase OF Tit#y 66.1% 1=
LELTEY, 7)) FARCEWTIEEY 0= 2
FATROBE LR Y, BEOBEBHER, D ¥
IRMEhBE L0 LEBbhi, ¥5ic, EPA - DHA
DHIWELHTE, Tl (EPA, EPA, EPA),
(EPA, EPA, DHA), (EPA, DHA, DHA), (DHA,
DHA, DHA) 25 50% % disT\fez Lk (Fig. 8),
EHOREREHHBO PUFA DBELEENCH TS

L Xxtxhi¥, Lipase OF # Lipase TOYO # >
B L b HENEE ) PUFA 2 BRELSETS
TG #EHLBHILERTLEOTHY, TOEOHR
NBBLELDLELBRE,

AEEOMEREY -2 — ¥ % B\ T EPA, DHA,
GLA OFhFhoOBRITLURIhbOERRAMY
HEBELLTZY + ) VERETT >, Lipase TOYO &
Lipase OF pMERT-7 ) « U FERESLYRL, =2 F
AT 354 T ik Lipase TOYO 045 (DHA, DHA,
DHA) &R L7, ch b0 B F 11 EPA+DHA #»°
68.8% DEB LD 45% © TG IWET 65% MiED
EPA+DHA * &% TG %48 L, £D5% EPA &
DHA % L b5 TG 5 TFHEL 50% EAELI,

pa i3
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