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Abstract

Title Application of Bacillus stearothermophilus P1 Lipase for the Preparation of Omega-3

Fatty Acid EPA and DHA from Fish Oil
Report by Assoc. Prof. Dr. Suree Phutrakul

Fish oil contains polyunsaturated fatty acid especially eicosapentaenocic acid (EPA)
and docosahexaenoic acid (DHA) which are essential fatty acid that play an important role
for brain and eye development. Most of these fatty acids are found in marine fish and a few
found in freshWater fish. The content of EPA and DHA in fish oil from red snapper {Luljanus
argentimaculatus Forskal), Danglee, menhaden(Brevoortia sp.), tuna oil from condentsate
and cooked tuna head pressing , eye socket oil of tuna and walking catfish (Clarias sp.) |
oil of tuna was about 59.45 mg/ml followed by the content in tuna oil from cooked tuna head
pressing was 53.60 mg/ml whereas the high content of EPA found in the menhaden oil was
25.49 mg/ml followed by the content in cooked tuna head pressing was 14.40 mg/mi. The
high content of oleic acid was found in walking catfish oil 100.28 mg/ml followed by Danglee
oil was 63.56 mg/ml. The tuna oil from cocked tuna head pressing was selected as
substrate for enrichment of DHA and EPA by lipase catalyzed ethanolysis.
The thermostable lipase from cloned pQE-TP811 and cloned pQE-P1 carrying thermostable
lipase gene from Bacilius stearothermophilus strain TP811m and P1 were studied. The
hydrolysis activity of lipases were assayed using p-nitrophenyl laurate as substrate. The
kinefic of lipase using clive oil and tuna oil from T.C. union food Ltd. as substrate were
studied. The Michaelis-Menten constani{Km) of lipase from pQE-TP811 using p-nitrophenyl -
laurate, olive cil and tuna cil as substrate were 7.29, 7.63 and 17.90 mM and the maximal
velocity(Vmax) were 2.53x10°, 1.29 and 1.11 },Lmo!.min'1.ml'1 , respectively. The Km values
of the lipase from pQE-F1 using olive oil and tuna oil as substrate were 16.34 and 42.55 mM
and the Vmax were 4.52 and 4.50 ].Lmol.minJ.ml'i, respectively. The activity of the
concentrated lipases from pQE-TP811 and pQE-P1 were 2839 and 2739 U/ml. Both lipases
were immobilized on 4.2 and 3.5 g of celite 545 with 6 ml and 5 ml lipase solutions
respectively. The activity of both immobilized lipases were 3652 and 3253 U/g, respectively.

The activity decreased aiter immobitized about 10% and 16%, respectively. The water



content (C,) and water activity (A} of the immobilized lipase from pQE-TP811 were 0.52%
and 0.44, respectively. The C, and A, of the immobilized lipase from pQE-P1 were 0.69%
and 0.46, respectively. The Km values of the immobilized lipase from pQE-TP811 on
hydrolysis of olive oil and tuna oil were 4.38 and15.76 mM and the Vmax values were 76.34
and 81.30 },Lmol.min'1.m|'1, respectively. The Km values of the immobilized lipase from pQE-
P1 on hydrolysis of olive oil and tuna oil were 5.46 and 7.14 mM and the Vmax values were
51.28 and 7.02 |.l.mo|.min'1.mt'1, respectively.

The use of immobilized 'Iipases for ethanolysis of tuna oil was investigated. The
ethanolysis was performed at 37°C with shaking 200 rpm for 24 h. The reaction products
were analyzed by gas chromatography. The lipases from cloned pQE-TP811 and cloned

pPQE-P1 carrying thermostable lipase from Bacillus stearothermophijus strain TP811 and P1

and commercial lipase from recombinant Candida antarctica (lipase A), Pseudomonas
fluorescens PS, and Mucor mehei were immobilized on celite 545. The water activity and
water content of the immaobilized lipases were 0.44-0.61 and 0.52-0.87% respectively. The
highest vield of ethyl docosahexaenoaie frorn the alcoholysis was obtained using
immobilized P. fluorescens PS lipase (0.39 mg/ml} whereas the reaction using immobilized
lipase from pQE-TP811 and Mucor mehei gave the fatty acid ethyl ester 0.30 and 0.28
mg/mi respectively. The immobilized lipase from pQE-P1 had low catalytic activity and gave
0.12 mg/mi of ethyl docosahexaenoate. The complete hydrolysis of tuna oil by chemical
reaction yielded and the ethyl oleate : ethyl linoleate : ethyl docosahexaenoate ratio based
on gas chromatogram peak area percentages about 1: 1 : 0.5. The ethanolysis catalyzed
by immobilized lipases gave ratio in the range 1 : 0-1.4 : 18.2-104 . The lipase A which had
high 2-positional specificity in hydrolysis of triacylglycerol gave ratio of the fatty acid ethyl
esters 1:0: 104. The ratio of ethanolysis products catalyzed by lipase from P. fluorescens
PS, Mucor mehai, pQE-TP811 and pQE-P1were 1:09:42.7,1:1:323and 1:1.2:18.2
respectively. The results indicated that all of immobilized lipases had high specificity to
docosahexaenoic acid than oleic acid and linoleic acid. The lipases from P. fluorescens PS
and pQE-TP811 were used for enrichment of docosahexaenoate by ethanolysis of cooked
tuna head pressing. The operational stability of the immonbilized pQE-TP811 lipase and PS

lipase were also studied and found that the activity of immobilized enzyme were hight at the



first cycle of operation and gradually decrease until the fifth cycle. Addition of water into the

systemn did not improve the vield.




