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Fish ol was tydrolyzed wih Aspergifius orvzae lipase, Lipolase-100T, The hydrolysis charactenstics of Lipolase—100T were
inveshigated  Lipolase—-100T showed 1.3-positional specificlly which hydrolyzed acyl chains combined on the 1 or 3 posilion of
Inglycerde mio free fatly acids. Lipolase-100T represented ancther propery that the saturated fatly acds composing the nohyceride
were hydrolyzed more easily than the polyunsaiurated fatty acidsiPUFAs). n-3 PUFAs, such as Cl64, C2005 and C226. were
hardly hydrolyzed, so that the concentrations of those n the mixture of glycerides were Increased according to hydrolysis time.
Especlaly docosahexaanoic acid(CHA), C226 showed the highest increase n lhe concentration This result explaned that n-3

PUFAs were combined on 2-posiion of rglycende. When the hydrolysis of fish ol with polase~100T 0.4 wtt

was performed for

120 hr, n-3 PUFAs wi% was increased 1o 50 wi% in the mixture of glycendes. This result was obtained due to the 1,3-positicnal
spechoty of Lipolase-100T and positional specificity of n-3 PUFAs.

Key Words
acid(DHA)

A B
Ao sprRa g4 gobAe At s wibA
9 A Eo| Miposiional specilicity) &l ZhA], ok A2l Eo] Alacyle
chain specificiy)=l B, BZFe Aol Ral 5o l A kA,
e12d g =uula 250 gtz etz

e dehdies 2dAz:
Rhizopus niveus lipase(d} 2 Aspergilius niger
o) flam oL FE IS T dE F9
13} 32] gla|dm ey sleidiss Yo7
ol H el Bt L el =
Candina  cylindrarea
per olg
A sty HAg o FAY 5 uEA
2 wheshe 5A41S vehla glekT). B2 Helel
g el e H@4s ERgdddgelznn tzg
w3l e Hase 45/ 94 2

HAFe Rhizopus jaurmicus
hipase(3

lipasell
AE E
¥ 13-9lA5e) 4 & HenT gl
faaAlzE  Mucor
hpase D Rhuzopus arrfizus Iipase(8) 50

lxl]

)
N
24 2]
miehel  lipaze(s),

a

By
=

2.
o

t Corresponding Author - Department of Biclogical Engi~
neering, Inha Umversity, Inchon 402-751, Korea
el . 032-860-7512, Fax - (032-8B75-0827

259

: Aspergilus onyzae lpase, 1,3-positonal spacificly, Lipolase—100T polyunsaturated fatty acids(PUFAs), docosahexaenoic

£4Z sz
2ot s 2
(2. =zl ke

ZqAo} el A
i gl

V. B. Yadwad(4):= caEx3 A9
W He] EAldvie Ade
13-9# 5] g ojfste] Aol
ntaenoic acid{(EPA)SF docosahexaenoic acid{DHA) <]
2008 wi¥%s} 1830 wie%#® BEr|Z @Y Yui
Shimada{7)%} Yuluhsa Tanaka(l)E old712 @58 o]F
A el ZolAdE etile wloAE o4l FElAlgelE
ZFEe DHAZES 20 A 30 wit% W7 w&5ir=
ESiC

Bod 2o e Novo Nordiskabel] A Aarshillal 9l Asper-
gillus orvzae 94 Lipolase-100T3E AtEdbs B27] 78
o iR 5AS i sEsh 535 Lipolase-100T¢ 7}+¥4
ﬁ‘i‘l“'” THEL 22 o|E Fod8 vHed §17 7ES
b S Ll 2 B e =R = - ALY E

= fHstE A

r|°l

TSNS eicosape-

=
TEE

H 5t
z
2

=4
e L3



260

Nz

bzl

2

Aspergilius oryzae w49 ARAEZ ALEdl Bxr] 78
g rheEE B4 dEsle 4895 FdEdd BHEA ke
7lold 7lE B RuwE 191, wELEDE 38T, mikEn
£ 200 pmeg A & AeEd wed APk Al
Fag AJZE 05, 2, 4.7, 10, 15, 24, 48, 72 2 120 AT
Fo Zate] AgE Ag@d #Hzt £ ZA 1007 2= 29
wol B4 whEg FA A

b ARy dRE A4EREJY E2eHigels, g9F e
Agtols, BxgelAe|s B fFeAMANY) 2AE BelE
#Aete] Thin Layer Chromatography(TLC) 24 Al&-81% e
5 el ABe 2EAE AR F AR ZElHEels
EEES st ' Aukty 2ANE HEr) fEd 7t
2 zorEads A AR,

E 4+ Aspergilius orvzae f+212] Lipolase- 100T 2 Novo
NorciskAtef Al 78t AREEgD. dzdete  Lipolase-
100TE ACA34d00A B@stna sheia e Algs7|d
2 97 AN dote Fd#AE I}Jai £ dEe] A
st Lipolase-100T8 97l E#(B)e 249 Aldsld
Asgrh

71 A B oAy 7 =
LIFRO ASH:e] AlFez 7“‘3‘1?—]9} ‘&“!]01%»1 gkl {E A&
A el & £ gAlse HEaRE C’é
zZtejzl BH o) AL AR A
DHAES ¢ 13%Z F4sia i),
SATA ¢ HLEFAGN Yukilusa Tanakas] 2112
FANA A AT g MEE 2 mL AR
Ao oA LT Fue] FUT F 100T HF= BolA 102
- FtERe g Eie #4445 7%7\]/‘]?&‘3} 3600 rpmelA 15

A EeEld g Eeld T 7lE Se4 06 mig A
ko] AR YT F olqE ﬂ? alibg 7 3 mL
Bt wAlA EsfA A felAgbs AAes] #ldy
e AEE 02 N NaOH 8 100 mLell 74 3, ok 58
RAZ| L 243 2heE AR MY ARt deidd &
AAst e FEE ZH552 oY A A8y 7182 g9

NaQIE AAAMZTE fezdade] AAL 458 2
o Goig FEAA R e egEYMEeE, dF
A el s g EFEMIEM ve] EPAzARE 29,

Ag2ef 23 92 - Guy Lepage?! 2HI0E HYF A2
a3l E”“‘&‘“&é AR AE 400 mgel etMEERE e =1
& &9 3mle A F AaErleeld 10TE 147
Fustgaly oAy 2ahhd s Aol F5 FlE F oAy
Wbata di 6 mLE Arleld 60E2Foh uwkatednh o17]q)

EH

rd‘c?\cr

o R

o o WU AL

£ r[o o S N m!ru )

N
—

i3 ol

F]

LU[

2_

FH57 3 mLE F71bn 30259 ovkH 2 F o aleg
). ofe] A olAEERe|SY F P FaAZHY
Eggeln S-S ARe2r Atite] gajEe)gls g
otk o] sARale Relale] slazanjE @z BEMag

= AMEst

GC +4 - Hewlette-Packardit®) HP 6830 seres GC
Systems MRS FhERaEA okl Erlgdsebls, o2
gMelels 2 mwZelMde]t EdAEdly ®ubal z,uu

Korean | Biotechnol Biveng., Vol. 14, No. 3

2489 old A43 Columnd HP 19081]-4130]9] 29
detector2E FIDE AEalgel. 289 2%E 150T(2min)+
7'C/min+265°0(2mm)°]9i£“] delectord) £%+& 300T ]9l

TLC-FID B A @ vk A7k g2 A3 483 1007 =
EollA EAy UF%% HAAZ F 3600 rpmalld] 1587 ¥4
238z, 7]~—°H 100 L2 AEF 39 10 mLe) 22
EXEd =9 F 2% Z=rlE2YH(CHROMAROD-SID Y
AR 1 pLE E33 100 mmd %01E dssid AR
2= Puju7h 103029 dxl, FREIZ N EMY EF
2 AMEeldth. TLC-FIDS ¥4 4 sk p4e
160 mL/min, &7) %2 200L/min2 2 #F o scan speeds
0z=Z stgeh. doAde 4 ATRONGLY [ATROCGOER
TC-21% AHaaiga

2% 2 1

it

Lipolase-1007T2l 723 50|14
Table 12 «&] F5e A4 o
o oofF B dgeiA

x a2
Bl -u

A HAEZ ez ¢ |- gt
71 A1EE FAET sl AWty £59 FARYE 25
B EPA7T At 1964 wikE 74 232 2 theel
1553 wt%ql EvEitel Eis §A57) 6709 DHAE
13.08 wt%olt).

ol gaAle) ggle] FledEe JuHAUSEE Raure )

I e} 71ARE o o) l9Als) AlEE el (chain specificity)

i
e peoon
e REGOH
B RLOOH
H
Glycern] Fatty Acds
/ 11
; ) !
BC0 1O, 1-C-tH
: RCOOIT .. [ menoHd
[E‘C (. OO 4 C‘ 111 OO H—!f:‘—(]-{ OO L
IHEH _ - PRC-UT — IR
I " 5l
/ 1-Mahozlvocrde 1,3 Dy ik S<Bhlunagled e \
|
“ l PATLL3
| |
i i I
= H L
EELLIR, PATH | C o rarmz BT
H-OR 1 RCOO] 11 L 35 | HD _ [H-CET, + BCOGOTE
I E~!‘3—ul I-H‘:An:rg 1EGHAR
I j
1] it 1
1.2-Diglyeeridy Tugdyrernie 13-Diglycctide
! i
e -—
Acyl Mlgmnonl \\ /// IAL}I Migrarian
\\\ }l :I 1t
rech e 28 F‘-u i [1¥=2: 8
4 - RCONIT B N
II'IL‘ TH 1 REQOH H-C‘ e +m:UDii H-C=F 1 BO00 1
! r-‘c\m; H».Ing u-z[':‘—a:?,
H £ H
l'}Dlewer 2-Manuglyrernde 1,3-Diglyreride
Acyl Migration Acyl Migration r
!
i 7k Ny
Hcoy HEm 298
1 RCOOH 1 RO I il ReOOL
Hear e _ H-C-CH | REOOH LGy « RECO
T RECOT L o, RCOOH I, Reciall
BC oy HEH nda:
]
H " H
3-Mrunglyceride Glyceral Fatly Acids LMoty rreride
-

Figure 1. Hydrolysis mechamsm of tnglyceride (1,2-Diglyc-
ende =23-Diglycendz ; 1-Monoglyceride = 3-Monoglyceride).



Woo, D. -], Investigation of the Hydrolysis Charactenstics of Fish OQil by means of Aspergillus oryzae Lipase Lipolase-100T 261

el E Figure 1o] A8 229 7122849 24 |, 7R MADTAE BAE de| BeFadae| =) 13-

25 3 HRH) ATD AN AFAFE, TAREE 5 ABAHGISE dE 85 HEd 1 5T 428 b
Aae) 2SR A ASRe sl ARE0 wE 94% @2 vERed 12 02ddgess faxga
2377} YA S ol positional specificity)& VERE A2 Fre At wal AAEe 1560 wikel 1249 wikst
FlegAetsd o 102 2 39| wehd slfdsl s AwR A 7z FrhEeY w9k 0AMTs e A4 13-9E
dr}, glHEle|s Fxr) gl Ak FEEc g4ou §HE A0
Figure 2% Lipolase-100T% <ke] 227 2159 0.1 wt¥¢ AlZk o] el A7l E}E]- L2-tigg etz BrEe
A s AT oA AAEE 13-t el s frelaate] FEE XE3or Hrighe AYS by
12-tzgAdole, Rrgeldges B ARt FAE o] ukd 50421 olfel s FEA Ay et 12-vEe A
A& depla Aot o= FEHT &2 e vEhant

A g 13- deelsel WE 12-t 2
B Agelse) TAuL Figure 30 EARolgE, o 230 o8
W ra P2 A\ﬂv}zqf A9 13- uEAe = dig
- % 4 HEAel= RAv) TIA FohERE T ol
T S50 2 on_ AT Uehiel Fhgaiibg 1204 2] A FAm)
5 & 7} 21377 tastsich wekd Lipolase-100TE E2lE2 4
] 0 © S=a) 13 39 HAS04 ddAn A8HE + Uk, B
& - Al e Aol Latigeldetelse] B 1272
£ S N P CKR-EERER
I 3 [¥S Es angez pas sd weol Bt Asew 13-H2

T roq R A MARel= 2 A7 Arhe A7ARE 39 £ 290,

Reaction Time (hr)

B0 JI5E AR Sl B SRSl

Figure 2. Changes of weight percent{wi) of 13-D(, 1 Lipolase-100T2 237 7|29 Ez)ZelAlgel=g 74
DG, MG and FFAs produced according lo various hydroly~ AT 2 MBS ] AME BiEa] g ﬁf/]:E]*ﬂ
sis time. Lipolase-100T ;1 0.1 wt28 of fish cil slolz, AEbale] alXrl Hsfsl cleldelelTg BnFdly

Table 1. Weight percent of fatty acids of cils.

Fatty Acids Beef Tallow FAT Palm Kernel RED Figh Oil
8 0,10 0 3.02 0 0
C10 007 Q 329 0 Q
12 012 0.32 46.06 03 0
Cl4 308 244 16.06 131 6.34
Cl4 1 0.40 033 ] 0 D
Ci5 0.54 0.14 4] 0 0
Cla 6.73 24.68 9.08 5167 1553
Cl6: 1 242 347 0 0 1030
Cl6 - 4 0 0 0 0 343
C17 1.27 0.67 0 ] 0
CI8 21.55 1462 212 442 346
Cl8:1n9 3540 4507 17.20 2985 1321
C18 1 1 n-7 Q 0 ¢ 589 241
Cc1g 2 356 77 .88 { 0
C18 : 4 n-3 0 0 ] 0 263
C20 022 Db 0.11 0.34 ]
c2n 1 0.5 0.87 0.18 018 2.78
CH:4n6 0 0 0 0 1.18
C20 23 n-3 { 1] 0 0 1664
C21 513 0 0 0 b 0.78
cz2 1 0 0 0 ] 267
C22 &5 n-3 0 0 0 ] 2.24
C22 : 6 n-3 0 0 0 0 13.08
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Table 2 Weight percent of fatty acids consistmg of glycende muxture according Lo vanous hydrolysis time. (Lipolase-1007T;

0.1 wt of fish o)

Reaclion Time

Fatty Acids 05 2 4 7 i0 15 2 48 72 120

Cld 581 572 874 b.68 5.66 562 565 566 555 5.58
16 14.47 1433 14.30 13.95 14.11 1399 1396 1399 1367 13.73
ClG'1 973 857 859 957 940 9.35 8.28 817 896 897
Cl16:4 384 3.87 391 409 3.98 101 1.09 4.20 432 4.34
C18 381 3.83 2.85 399 397 396 407 412 420 425
CI8 In-9 1Z 60 12.35 1228 1197 1203 1183 1161 .26 10.86 10.85
C18: 1 n-7 255 2.53 255 261 245 248 247 241 2.48 245
Ci8:4n-3 26d 254 252 246 252 24z 245 2.33 226 225
C20.1 261 260 258 251 254 282 248 243 2.36 236
C20 ' 4n-3 .18 1.20 120 122 .43 134 L2 127 1,50 1.36
C20:0n-3 21.09 2137 213 2151 21.63 21.72 2176 21.78 2198 2184
Ca3a 083 084 086 087 0.87 0.89 0.90 092 0.96 0.96
czz:1 219 242 244 245 2.40 237 233 228 220 221
C22 5n-3 231 235 236 245 240 243 244 245 252 25
C22Hn-3 1403 14.48 1449 14.69 1483 15.16 1528 13.73 16.38 16.40




Woo. DL -], Investigation of the Hydrolysis Characlenstics of Fish Oil by means of Aspergilius orvane Lipase Lipolase~100T 263

Before hydrolysis
T Adsier 130 of fugdrlugso

Weight Percent (wi%)

33 LN 5n-3 €2 3n-d 04 And

CIE 4w-h C1 101 0401 T

n-3 Polyunsaturated Fatry Acds

Figure 4. Compansen of weight percent{wi$s) of n-3 PUF
As contamed n Bish ol with that of n-3 PUFAz in glyceride
produced after 120 hr of hydrolysis. Lipolase-100T ; 04
wi% of fish ol

PUFAS] wi%E 3837¢1d o1t 120413 7124 she 3 A4
P ZEMelel= e n-3 PUFAS] wi%: 40897k Ar=dl
o Lipolase-100T] 93t n-3 PUFAY] FZo] 5] A3
Lo = gk

3t Aspergtlius oryzae #&l9 LlDOlElSE*
"é TFeadt Lipolase-100TE E@

glagtel =] 13} 38 Ao 2Bt o] HA)H HEEo ?\l
= oobd Aole felAEMle s ATRAA s 1 3-HA 504
Z B9t =§ Lipclase -100T= £y 7128 343 ¢

ZREAYA B 23lAEke 47 A
vehigit o] B4e 9] sl Al wek 44
He M= 22Uy uvF 22Xy AUE o3
PUFAs?] Cl6:4, (190'5 9 2264 FhE BF ZrkEly o
£8 (2269 FEZ710F ABY Felsigch o aﬂriyra —;.'m_
7l 718& FAEE - 3 PUFAsE EEPEWE}OI 2]
el Apstz oL ¢ 4 Uik Aukity @?&HRIEDW
# Lipolage-100T 123-$12 501422 918l Lipolase-100T S
Ha2el 04 wikAbddtel Bu7] 71 §2 12047 FpEet Al
#e W Adg FPEAge)s FHENI 05 PUFAsFEE
50 wt3shA] A=dlech

Eﬂ)\]ﬂ‘:_ ENG

o =

& A

2 dgE 19073hdE g AT A e
#uth ole] A=l

SEE I EL

—

~1

11.

12.

i3,

Ly, 20,

g x Z 8

Tanaka, Y., J. Hirane, and T. Funada {1992, Concentr-
ation of Docosahexaenic Acid in Glyceride by Hydrolysis
of Iish Q1 with Candida cylindraceg Lipase, [ Am. (il
Chem Soe, 69(12), 1210-1214,

. Okumura, S, M, Zwai, and Y. Tsujisaka (1980}, Punfi-

cation and Properties of Partial Glyeeride Hydrolase of
Penicillium cyclopium M 1. J. BioChem., 87, 200-211

. Boswimkel, G., J. T P. Derksen, K. van't Riet, and F.

P. Cuperusa (1996}, Kinetics of Acyl Migration in
Monoglycerides and Dependence on Acy] Chain Length,
JoAm Ol Chem. Soc, 73(6), 707-T11.

. Yadwad, V. B, 0. P. Ward, and L. C. Noronha (1991),

Application of Lipase to Concentrate the Docosahexae—
noic Acid (DHA) Fraction of Fish Qil, Biotechnol. Bio
eng., 38, G56-950,

and O. P, Ward (1993), Enzyme Catalysed
Production ol Vegetable Oils  Contaming Omega-3
Palyunsaturated Fatty Acid, Brotechno! Lett, 15, 185-188.

. Mukherjee, K. D, L Kiewilt, and M. | Hills (1993,

Substrate Specificies of Lipases in View of Kinetic
Resolution of Unsaturated Fatty Acids, Appl Microbiol
Bigtechnol,, 40, 439-493.

. Shimada, Y.. K. Maruyama, $. Okazaki, M. Nakamura,

A Sugihara, and Y. Tomina (1994, Ennchment of Paly-
unsaturated Fatly Acids with Geotrichum candidum
Lipase, J. Am. Qil Chem Soc, T1(9), 951-954.

uhAT 8 o (1987), A fF ARsd AnRggA
2 oAbty FHE AN A, FYYYE d7gE
FA], 29-39,

SR A A RRR ) Sk (1985), KSM 2731,
19,

Lepage, G, and C. C. Roy (1984d), Improved Recovery
of Fatty Acid through Divect Transesterzfication without
Pirior Extraction or Purification, J. of Lipid Res, 25,
1391-1396,

Macrae, A. R (1983), Lipase-Catalyzed Interesterification
of Gils and Fats, J Am Of Chere Soc. 60(20), 29-2G4.
Christie, W, W. and Carrell, K. K. (1988}, In: R. J.
Hamilton and J. B. Bossell {ed), Analysis of Qils and
Fats, Elsevier Appiied Science Publishers, London.
Sugihara A., Y Shimada, N. Takada, T. Nagac. and V.
Tommaga (1993), Penicillium abeanum Lipase Purifica-
tion, Characterization, and Its Use for Docosahexaenoic
Acid Enrichment of Tunz Qil, /. Fert Bioeng, 82(5),
488-501.



