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Trem horee oil with Taarv] alcobol using Roiapie lipnse.

MATERIALS AND METHODS

ENE Jery aeisfs eored edfecdred. Borage oil retined by the Nibon
Syinthetic Chenncal Industry Coo Lad iOsaban Tapan: GLA,
2220 whsrwas e Laurv D aleohol was ol reagent erade
From Wake Pure Chemicals od. ColtOsaba Jupan.
Liprerses. Lipases were sifts rom the following compaintes’
Pyewdomonas wornginasa lipase (111D Tovobo Col Ll
Oraka Japanyy Pyenceanoncs spothipases AR Amane Plarnn-
ceulival Cou i Aachis Japan s Psevdoninias sp. KA L5601
prise e Rurit Water I Ld Tokya, Jopan s serdomonics sp.
hipise (1 IPOSANM: Showa Denko K KL Toks s, Jupant: ¢l

pisbacierive viseovion lipase tAsohd Chemdeal Indusiry Co
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Lid., Tokyo, Japany, Cunduda rugenda lipase (Lipase-OF, Meno
Sangyoe Co. Lid., Aache. Japas B sfelemar lipase (Ta-hpase,
Tanabe Setyaku Co. Ltd., Osaka, Japaai.

Fractinnarion of exters and free foury acids (FFA Y i reae-
tion mutare, Esiers ighycendes and Javeyi estersy and Taory)
afvohol were extracted with FO ml a-hexane afier adding 70
ml. of 4.5 N KOH (30¢% ethanol solutiont inte § g of reaction
miexture FFA m the water phase were curacied wah 100 mi,
n-hexane after acidification with HOLi8)

Anatvors Lipase activity was measured by titrating faty
acids libermed from ofive ml i Wako Pure Chemcal) with (005
N KOH as desenbed previously (21 The reaction was car
ried Gyt 9l 357C for 30 min wath sprring at 500 rpm, One unit
(U of lpase activity was defined as the smoum of enzyme
that liberated | pmed of Gaey acid per soinute

Fauy actds were wmethylated ¢ 8¢°C in 5% HCLmethanol
for 3 h, and analyred with a Hewlett-Packand S50 plus pay
chromutegraph (Avondate, PA) connected (o a DB 23 capil-
Lary column 40,28 mm x 30 m, J&W Scientific, Folsom, {CA)
as desersbed previousty (M

Fatey gond aped tficioy of lipase ia bvdrolysis. BExaluation of
fatty acid spearficity of lipases in hydrolyss was carried out
usiag the randesnly interestenfied ofl as o sabstrate (13,37
The randomly interestentied o1l was prepared by the coneen-
fional snteresterification of severad inglycendes uying Na-
methylate as & vatalysl acoosding 1o the previous paper
CHL22) A reachon mivture contasning 1 g of the interesten:
fred adl, 3 mb of water, and 100 U of Hpase was incubated o
35°C wath stirring a1 SO0 1pe for 30 mue. After the hydroly.
sis, the FEA (raction was extracted with n-hexane, and its
fanty acid composttion was analverd. The activity on a fatty
acid evter (4, ) was expressed avcording 1o Equation 1.
¥
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where £y and F | are the comtent (modfh) of particular Latty
acid i the FEA fracuen after hydrolyses and s the mtenester-
itied oif hefore hvdrofysis, mspectively,

Hvdrshosis of borage off and preperation of FEA Unless oth-
erwise specilicd, borage oil was hydroly zsl under the following
cowbiftons: A mintuze of 3 g borage mil, 2 g waler, and 3000 L
Iipise was incubatest w1 357C with stimng ar MK rpm dor M4 h
The hydroly«is extent was calculated fram the acid vadue of the
nracton meniure and the sapossification value of the originel oil.

After the hydrolyss, ghvecndes were removed by extract
ing with r-hexane, and then FFA were extrscted from the
water phase with 4 hesane atter metuming i 1o acidic pH. The
resating FFA were named botage-FFA and wsed for the sub
strate of selectivg esterdication

Selective esterification of borage-FEA, Selective estentt
cation of barage-FFA was carmied oot aceonding 1o the provi-
aus paper {200 A nxture of 4 g borage-FEAA2uryl alcohol
152, mol/mol), | g water, and JOD0 1 Rhizopus ipase was in-
cubated at M C for J0h with stirng st 500 rpn. The re-
peated estertficanon was conducted under the same condi-
Hons using FEA obrained from the svingle reaction as a sub-
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strate The acid values before and after the reactions were
nicasired by ttrabag with 1.0 N KOH, and the esterification
exent was calculated on the basis of the amount of fatty acid
cansumed dunng the Feaction

RESULTS

Screenmg of ipase Siedrolveing borage ofl. We have shown that
lepases are ciassified o five famidies of Staphvlococcus,
Psendamanas cepacra, Pyeudomonas Huorescens, Candidu,
and Rhizoptes Hipases on the basis of their primary structures.
Eipases m the same family were prodiced by the similar pro-
duglion mechanism. and their tertary structures resembled
cach other. In addution, they alse possess simalar properties,
e.g. fasty acid and positional specificiies, the cquibbnum of
hydralysis sud esteafication, and s o 23.24). Siwe vomner-
vl lipases belong to the shree famihies of Pscudimonas cepa-
e, Candhda, and Rhdzoepus groups, a hpase was chosen from
cach famiy und the fatty scid specilicnty in edrolysis was in-
veatigated tFig. B 101 wel] Xeown that lipases generally act
on PEFA weakly (25,200 as demonsirated by C. nigova and R,
delemur ipasses. On the coatrary, sinee £ aeruginose hpase hy -
deobyvred the ester bond of GLA strongly. barage 0il was hy-
drofyred with several Pyeudomonas hpasies. As shown in Table
1. all Paendomenas Lipases were found e hydralyae the GLA
ester s strongly as the other fanty aowl eviens, because the GLA
content of the FFA fraction wis the same as that of the oripimg)
il (22249 1. However, the hydrolvsis extent by Preadimeanas
sp KW LS lipase was only 5537%, and that by Pseodomenits sp.
tipase (EIPOS AM) <howed the highest hydrolysis extent (871%)
and CGLA revovery (8995 ). Therefore, the hpase, LIPOSAM,
was selevted and wsed for the following experingntl.

Severa? facters affecting hvdredyiis of borige ond. Becayse
LIPOS AM hydrolyzed the ester bond of GLA as well as thuse
of the nther constatuent fatty acids, GLA cus he effectively
recovered in the FEA fraction by higher hydrodysis extent. So,
several Factors affecting hydrolysis of borsge ol were exans-
ihed to tied out the opiimum conditions.

Figure 2 shows the effect of enzyvme amount on the hydsol.
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PURIFCATION GF GLA BY ENZYMATIC METHOD

TABLE 1
Hydrolysis of Borage Oil by Several Pseudomonas Lipases?®
Content Recovery
Hydrolysis — of GLA"  of GLA

Enzyme (% [441'%,] "
Pseudomanas aeruginosat 80.9 229 83.5
Pseudomonas sp. Kwi.56¢ 354 2.8 34.4
Psoudomonas spt 79.3 2340 822
Pscudomaonas sp.’ 87.3 227 B9.3
Chromobecterivem viscosun® 773 222 773

“The mixture containing 3 g of borage oil, 3 g ol water, and ARDD UL of 1i-
prase was stirred 1500 rpmi at 357°C for 16 h. The yHinolenic aoid (G1A) con-
tent of borage ail was 22.2%.,

"The content of GLA in the free fatty acid fraction.

LPL Tovoha Co., Ltd., Osaka, [apan.

dkurita Water Ind., Lidl., Tokvo, Japan.

“Ipase-AK (Amane Pharmaceutical Co., d., Aichi, Jagant,

LIFOSAM 1Showa Denka KK, Tnkyo, tapani

Samae as . glumae.

ysis extent of borage oil. When the lipase amount was below
500 /e of reaction mixture, the hydrolysis extent was cle-
vated with increase in the amount of enzyme. The hydrolysis
exlent was not so increased even though more amount of en-
zyme wis used, and reached 94.5% with 2000 Ufg of reaction
mixure.

The effect of water content on hydrolysis of borage ol was
examined using 1000 U of lipase per 1 g of reaction mixture as
a catalyst (Table 2). Borage oil was hydreolyzed elfectively at
the water content of 40 to 530% ., and the hydrolysis reaction wis
85% complete. Since lipase catalyzes nol anly hyvdrolysis but
also esterification simullanecusly. large amounts of water are
necessary W shift the equilibriom to hydrelysis. However, when
hydrolysis was conducted in the mixture contatning more than
T0% of waler. hydrolysis was decreased. This phenomenon
may be explained by the decrease of hydrolysis rate. which is
attributed to the low enzyme concentration in the water phasce
due 1o the large amount of water. Actually, when the reaction
was extended 1o 72 h. the hydrolysis reached 91.3% | In addi-
tion, when 0.5 g of o1l was hydrolyzed in a mixture containing
4.5 g of water and 15,000 U of the lipase. the hydrolysis after
16-h reaction was clevated o 90,5%,

Borage oil was hvdrolyzed at & tem-

100
80
60
40

Hydrolysis (%)

20
0

0 500 1000 1500 2000
Lipase amount (U/g-reaction mixture)

FIG. 2. Fifect of amount of Pscudomonas sp. lipase (LIPDSAM; Showa
Noerko KK, Tokyo, Japani on hydrolysis of horage oil. A mixture con-
taining 3 g of borage vil, 3 g ot waler, and various amount of lipase was
stirred at 35°C for 16 h.
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TABLE 2
Eifect of Water Content on Hydrolysis of Borage Oil
with Pseudomonas sp. Lipase (LIPOSAM)?
Water Content Recovery
content Reaction mixture Hydrolysis — of GEA® of GLA
1% Oiligl Water i 1%l %51 i)
20) 4.0 1.0 F1.3 222 1.3
A0 15 1.5 §1.2 224 a1.4
At} in 2.0 &6.9 225 au
54 2.4 2.5 85,1 220 86h.6
70 1.5 35 510 223 >1.2
ary .5 4.5 4249 225 43.5

HThe reaction was carried out at 357 with 5000 U o lipase for 16 h. For
mangraciurer see Talle 1.

"he coment of GLA n 1he tree Gty acid fraction. See Table 1 ior abbrevi-
afion and company source.

perature between 30 and 35°C (Fig. 3). The hydrolysis extent
after 3 h was somewhat low at 30°C. but did not change at
above 35°C. Furthermore, the extent after 16 h was not so af-
fected by the reaction temperature. From these resulls, the op-
timal conditions lor the hydrolysis of borage oil were deter-
mined as tollows: A mixture of 3 g borage oil, 2 g water, and
5000 U LIPOSAM was incubated at 35°C with stirring a1 500
rpm.

Time course of hvdrolvsis of borage off, Figure 4 shows
typical time course of hydrolysis of borage oil with LI1-
POSAM. Hydrolysis proceeded rapidly until 7 h. and the ex-
tent did not increase much atter 24 h. being 92% after 50 h
(Fig. 4A). The lauty acid contents of the FFA fraction are
shown in Figure 4B. The contents of palmitic acid (PA} and
stearic acid ($A: data not shown} increased a little at the early
stage ol the hydrolysis, but the contents of all Tatty acids of
the FEA Traction approximately agreed with thelr contems of
borage oil afier 10 h, These results showed that LIPOSAM
hydrolyzed the ester bonds of all the constilent fany acids at
nearly the same rate. although the hydrolysis rates ol ester
honds of PA and SA were a little higher than those of the
other fatty acid ester bonds, From these results, hydrolysis
was carried out for 24 h, and the resulting Fatty acid mixture
(boruge-FFA) was used as o starting material for selective es-
terification with lauryl alcohol.

Sclective esterification of borage-FFA with R delemar fi-
pase. The puritication of GLA was atlempted by sclective os-

80

70 /—.—4——.—0

60
50 |

Hydrolysis (%)

40

30— ' : ! ;
25 30 35 40 45 50 55 60

Temperature (°C)

FIG. 3. Lffeat of demperature on hvdrolysis of borage oil with
Pseucomaonas sp. lipase J IPOSAMY 2 Hydrulvsis tor 3 b; @, bydroly-
sis for 16 h, See Figure 2 for company source,

IAOCS, Vol 74 na. LT i1y
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100 | A
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25

Hydrolysis (%)
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Relative fatty acid content

0.8 : :
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Reaction time (h)

FIG. 4. Time course ol hydrlysis ol borage oil with Pscudamenas s
lipase (LIPOSAMI. A, Hydrolysis extent; B, faty acid content in free fatty
acid fraction. The content of each fatty acid inthe free fatty acid frac -
tion was expresserd relative to the initial content of the fatty acid in bor-
age oil. %, Palmitic acid tthe content of borage oil, 9.7%,; @, vleic acid
117.5%0; 0, dinoleic acid (38,3901 B, v-linolenic acid 122 2%, See | ig-
ure 2 far company saurce.

terification of borage-FFA with lauryl alcohol. A mixture con-
tuining 4 g of borage-FFA/lauryl alcohol (1:2. mol/mol), 1 g
ol water. and 1000 U of Rhizopus lipase was incubated al
30°C with stirring at 500 rpm. The time coursc is shown in
Figure 5. Esterification increased rapidly until 8 h and then
increased gradually (Fig. 5A). The contents of PA. OA. and
L.OA in the FFA fraction decreased with the increase of ester-
ification. and the GLA contemt increased (Fig. 5Cy. The GLA
content was 765 after 16 h. and 81% of the initial content
was recovered in the FFA [raction. The lincar decrease of the
recovery of GLA in the FFA fraction {Fig. 5B) shows that the
amount of lauryl GLLA increases linearly in the reaction mix-
ture. [f lauryt GE.A was generated by transesterification (aci-
dolysis) of lauryl esters with GLA, the expoenential increase
of lauryl GL.A would be obscrved. Thus the loss of GLA was
probably due to the minor esterification of GLA with laury!
alcohol. but not Lo the acidolysis of lauryl esters with GLA,

To elevale the GLA purity. unesterified fatty acids were ex-
tracted with n-hexane after the Airst reaction, and were al-
lowed to react again in the same manner. As shown in Table
3. the GLA contemt was risen from 22.5 to 70.2% in a 80%
yield by the first estertiication. The esterification extent of the
second reaclion was 32%. showing thal the reaction efficiency
was decreased when the fatty acids that the lipase did not act
upon initially were used as a substrate. By the repeated reuc-
tion. the GIL.A content could be clevated to 93.7% 1n a yield
of 734 of the initial content of borage-FFA.

DISCUSSION

We have described a method of highly puritying GLA using
two lipases: Psewdomaonas sp. lipase (LIPOSAM) which acts
strongly upen GLAL and RiiZopus lipase which acts weakly

JAQICS, Val, 74, no. 1] 11997)
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FG. 3. Time course of seleciive esterification of fatty acids originaling
from horage il thorage-FFAT with lauryl alcohol using Rhizopus dele-
mar lipase, A, Estedification extent: B, recovery of y-linolenic acid (GLA
in the frec tatty acid (FEA fraction; € fatty acid content in the FEA frac-
tion. The content of each fany acid in the FEA fraction was expressed
refative 1o the initial content of the fanty acid in borage-FFAL 75, Palmitic
acid 1the content of borage-FFA, 90.7%; @, oleic acid 17.2%0;
limoleie acid 137 3% W, GLA 027 4%,

upon GLA. The first step was hydrolysis of borage oil with
LIPOSAM. and the second was sclective esterification of the
resulting borage-FFA with Rliizopus lipase. Because selective
esterification with lauryl alcohol does not require any organic
solvent, the reaction scale can be made small and the risk of
explosion can be avoided. The reaction occurred effectively
cven in the reaction mixlure containing 209 wuter. so it is not
necessary to remove the water generated by estentfication. In
addition, not only GLA but also DHA can be purilied as re-
ported previously (20). From these results, this selective os-
terification may be effective Tor industrial-scale purification
ol PUFA,

LIPOSAM hydrolyzed nonspecifically the esters of the
constituent fautty acids of borage oil, and the fatty acid com-
posttion ol borage-FFA was almost the same as that of the
original borage oil. Nonspecilic hydrolysis of borage oil can
be conducted by incubating in a large amount ol ethanol using
NaOH as o catalyst. But this chemical hydrolysis has not been
used as an industrial method hecause there s a risk of the iso-
merization of GLA. We could not find a lipase acling on the
ester of GLA more strongly than those ol the other constituent
fatty acids. but GLA may be purified more elficiently by
using such lipase as & catalyst of the first-step hydrolysis,



PURIFICATION OF GLA BY ENZYMATIC METHOD

TABLE 3

1469

Purification of GLA by Repeated Selective Esterification of Fatty Acids from Borage Oil (borage-FFA)

with Lauryl Alcohol Using Rhizopus delemar Lipase

Reaction Recovery

Purification extent Fatty acid composition (wi)”’ of GLAY
step [N P60 {80 18:1 15:2 18:3 201 22:1 24:1 190)
Qnginal — 0,7 14 17.5 AH.3 222 4.3 2.0 1.6 1000
Hydrr_l!yhibd 915 9.8 4.1 17.5 178 235 4.1 25 1.5 42.7
Esterification

First Jd.4 4.7 2.0 A4 14,3 7{02 1.3 0.8 n.d. 741

Second 1.7 LX) {14 1.0} 2.8 43.7 0.2 n.el. nel. 67.5

Fatty acicl composition o the free {alty acid iFFA® fraction,
"Recovery of GLA based o its initial content of borage-FFA,
‘The tatty acid content of the original borage oil.

“Mydrolysis of borage oil with Pseudnmonas sp. lipase 111POSAM; Gty acid content of Borage-FEA. See Table T for other abbrevi-

alon andd company source.

When natural o1l was hydrolyzed and acidolyzed by a hi-
pase. the reactions proceeded according 1o its latty acid speci-
ficity (9,11,15,17). Thus it is very important to know the cor-
rect specilicity for the screening of lipase suitable for the re-
action and lor the prediction of the reaction. However, it is
well known that lipase catalyzes hydrolysis, esterification,
and transesterification in aimost all reaction systems reported
previously (9.27.28). Therefore. it has been very difticult to
evaluate the falty acid speciticity of o lipase in each reaction.
Recently, we proposed u new method ol investigating fatty
acid specificity of lipuse in hydrolysis and acidelysis by ustng
randomly interesterified il (11.17.22). and showed that the
latty acid specificity of Rhizopuy Hpase in acidolysis is stricler
than that in hydrolysis (17). In the reaction system described
in this study. fatty acids were esterified effectively with lauryl
alcohe!, but lauryl esters generated were not hydrolyzed (data
not shown). 11 has not been clarified yet whether interesterifi-
cation between laury] esters and acidolysis of Tauryl esters
with futty acid occurs. However. it was found that cach latty
acid was esterified al a constant initial rate (Fig. 51, H was,
therefore suggested thut Tutty acid specificity of Rhizapus li-
pase in esterification could he evaluated by analyzing the
carly stage of the reaction.

The fatty acid specificity of Riizopuy lipase in esterifica-
tion was lentatively investigated on the basis of the amount of
cach Tany acid laury] ester generated after 1-h selective esler-

TABLE 4
Fatty Acid Specificity of Rhizopus dolemar Lipase in Hydrolysis,
Acidelysis, and Esterification”

Relative activily (%)
Acidulysis?

- - - e - T
Falty acid Uydrolysis” Esterification”

16:0 95 97 77
18:0 @1 153 67
1h:l 100 100 101}
18:2 21 89 a0
1H:3n-6 14 8] 4

TThe addivity was expressed refative o that on oleic acid.
YCompiled trom Figure 1.

‘Compiled from Referenece 17

e aleulated according to Fquation 2.

ification as shown in Figure 5. The esterification activity (A )
of cach fatty was calculated according 1o Equation 2:
A= F,, ~ (= EN00Y = F VF 2]

where £ is the esterification extent (24.5%) after |-h reaction,
and £ and Fy, are the content (mol%) of a particular fatty
acid in borage-FFA and in the FFA fraction. respectively.
Therefore, {1 — (1 — E/100) x F, } shows the amount of a
particular futty aeid (mol%) in the laury] ester fraction. The
activity of cach fatty acid was expressed as a relative value to
that on OA. and compared with those of the fatty acid in hy-
drolysis (Fig. 1) and in acidolysis as reported previously (17).
As shown in Table 4, the fatty acid specificities in all the re-
aclions were similar. but the activities on PA and SA in ester-
ilication were a little lower than those in hydrolysis and acid-
olysis. The activity on GLA decreased in the following order:
hydrolysis > esterification > acidolysis. Actually, GLA could
nol be enriched to more than 28 wt% in glycerides when bor-
age oil was hydrolyzed with Rhizopus lipase (data not
shown), and GLA of the 1.3-position of the oi] was scarcely
acidolyzed with caprylic acid at the early stage of the reac-
tion (17). [n addition, GLA was esterified somewhat with lau-
ryl alcohol (Fig. 5B). While the difference of the activity on
GLA in these reactions is very small, the precision process-
ing of oils may be enubled by laking advantage of this differ-
ence of [atty acid specilicities in the reactions.
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