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Immobilization of Burkholderia cepacia Lipase on Weak Base Styrene
Resin Using Polyethyleneimine with Cross-linking

Chi Woo Lee and Ki Teak Lee
Dept. of Food Science and Technology, Chungnam National University

ABSTRACT This study assessed the effect of immobilized lipase on weak base styrene resin using polyethyleneimine
(PEI) with cross-linking. Two procedures were used in this study. The first one, “mono-layer” lipase immobilization,
involves washing PEI after adsorption. The second procedure, “multi-layer” lipase immobilization, has no washing
before the cross-linking step. Treverlite XS-100200 (weak base styrene resin) was immersed with PEI solution (2.2
mg/mL). Lipase AH (from Burkholderia cepacia) was adsorbed onto the support coated with PEI before cross-linking
with glutaraldehyde. Structured lipid was synthesized by immobilized lipase-catalyzed interesterification using canola
oil, palmitic ethyl ester (PEE), and stearic ethyl ester (StEE). Total fatty acid contents of triacylglycerol (TAG) in
structured lipids were analyzed to investigate activity, properties, and reusability of immobilized lipases. Activities
of immobilized lipases on the multi-layer and mono-layer increased at a high concentration (8§ mg/mL) of lipase solution
used for immobilization. The results show that immobilized lipase with the mono-layer method at pH 8.0 on resin
had the highest total saturated fatty acid content (26.17 area%). Activity of immobilized lipase with the multi-layer
method at pH 7.5 on support was lower than that of the mono-layer, but total saturated fatty acid content was 16.79

area% higher than that of lipase AH (15.01 area%).
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dimethyl suberimidate, dimethyl adipimidate, bis[2-
(4-azidosalicylamido)ethyl] disulfide) 7toll Ag& A]7]
3 AT PAAR a4AES T 4 loh(11). Albayrak
7} Yang(12)°] PEIE ©|&-3}o] B-galactosidaseE cotton
clothel 24 s}star pHeF 2% Fof X7l upe} 1143}
A 47} lactoseE galacto-oligosaccharides(GOS)Z 3]
st Whg 9 g3t g0 S ERlsgith B3 PEIE
Abgsto 2 oA A 9l cross-linkings ==, o=
PEI®} @47 A%sto] a4 dhlde] A 3745 #shA|
A 55 g3t aE W3ete Aow geEA JYrk1a).
wreba 2 Ao A= a4 dide] W3l gle] supporte}
&3t A3bE Al717] 9l8ke] PEIE o] &3to] nAstE AA|
3}8l o supportt F97] styreneZ &0l nITAE
AH-8-3FL T

Lipase(glycerol ester hydrolase, E.C. 3.1.1.3)+= A
£ 7t WAl BH o8 ALSE =Y §AE TS
Aol Exste, B3 X9} chain Aol wef 7] 2 9
Aeidol SAGTH14). webA 712 o] Aiks A9 &
g2 o AuiAA 7] o] & QI3 o] A A4 glel
24, gtstx 5448 HIAZ = Irk(15). EA
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W AT A lipased o]&3lo] AWate] 248 vl A
U X E AMEstd] AT B dyE fXE e
AL & Fo|th(10,16). o9} #& ¥HE-S interester-
ificationo| 2} 8l FHA = JUsH EAS FFA7]
HE BHos fX& 384, aihdoR FAdste S
ekt (17,18). 818H4 S & A g FUtHES-o] dofut
o U X ANV Ba falELe] = T AY 7R A
7} BAeE vhHo| nAERREEH 98 & I a4 olE
T G gigFAAte] Thssh A 7E Aol g Ao R o]

&3t7] &elstth(18,19).

Canola oil fFAZoNA F= oils M3l 218 &
= 88 SO0 ARt Yl 78 A HHAko] oleic acid
2 o]Fojx dow triacylglycerol(TAG) FAo] ==
triolein(000) 2.2 FA = o] Ut wepr] 2 AF-eA =
27 interesterification ¥+ Al &49] 9]A] 5ol &
& delstaat 71d =24 AR TH20).

B AF M= Burkholderia cepacia®5-8 &3k 1i-
pase AHZ PEI¢} cross-linkingg ©]-&3lo] 114 3IE A
g3k o multi layer2} mono layer WS o] &3}
432 A3k 3 interesterification ¥H5S F3|
e A ES BA et 143 G40 7d Bolde
reusabilityE <138} 2} 3} 3L canola oil, palmitic eth—
yl ester(PEE)$} stearic ethyl ester(StEE)E 714 2 A&
st

a
A=
I

2
=

%

XY
AlS JFE
4 314 3}ol| = polyethyleneimine([PEI; (CsHsN)n],
50% w/v, average molecular weight 750,000), glutar-
aldehyde(GA, 25% w/v, Sigma-Aldrich Co., St. Louis,
MO, USA)7} AFE-H R 21| support®+ Treverlite XS-
1002008 A&3F9th. Bovine serum albumin(Sigma-
Aldrich Co.)& @4 g SAol AREH ATt & A7l
A AbgE 71390 FhEE(canola oil, ca)® Hunt Wesson
(ConAgra Foods, Inc., Omaha, NE, USA)S Al-&-3}9 o1
CrlEd A F+43s+tt. Interesterification ¥Hg-ol o] &3t
palmitic ethyl ester(PEE, Cis.0)9} stearic ethyl ester
(StEE, Cig:0)+= @Yl 7HDaejeon, Korea)oll A #|-&-1t
o} AR5t AFEE @A+ lipase AH(from Burkhol-
deria cepacia)® Amano Enzyme Inc.(Nagoya, Japan)el
A Agkekt). SupportZi= ¢FH 7] styrene &0l gk
TFAE AFEE e 717] A4 AgE Sule BT A

& 53808 Agagc
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o= uASME APt F WY 25 supportol
EIZ &&A17 & dA 529 lipase solutiond ¥al il
43}3k o}, glutaraldehyde solutions ©]-83}¢] cross—
linkingS- 3tk + W F 3 WA= multi layer BH 2
2 ugst 34 F AHE sHA e, F HA P
mono layer ¥ S supportol] PEIE &2 3 A Z 819
t}, a1 3} A% lipase solutione lipase®t 0.05 M
tris—HCI buffer(pH 7.0, 7.5, 8.0)5 o]&3}o] d4 F=(3,
5, 8 mg/mL)E A ZF3sFTh 1 & junkst L EEES
HAHAAA AABE7] A&l LAE2(2,500 rpm, 10)E
gsle] FFAE Ao, o] & nA st AE-EQlT) &
cross-linking ¥ tris—HCl buffer® 1A 3}3F 45 o
W $=A48}aL, vacuum ovenoll A 30°CE 24A13F Bt A
AlA A Aol E o] HEsto 2 FES A o5 T

Multi layer immobilization(MUIM): 5 mL2] PEI &
M (2.2 mg/mL)¥} 200 mge supportE 50 mL vialel] &3¢
Al71 3 PEIZ} supportell E2E =2 108 71 W= 319
t}. PEIZ} 483 29 3 lipase solution2 10 mL 37}
3t 2™, shaking water bath(LSB-0455, Daihan lab-
tech Co., Ltd., Namyangju, Korea)Z ©]-&3}o] A-2(25
°C)oll A 150 rpm o2 30+ &<t vHg-shgith vhg & g2
FedE dd g A4S 98 5 mL HE F A7EE
0.2%(w/v) glutaraldehyde solution 5 mLE ¥il 108 %
S WA AT} o] W) cross-linking A7FA o] B A ¢
A MAHE SHA ettt

Mono layer immobilization(MOIM): Lipase AHZ
a7gslete] a4 &4 Eo17] 93l Yamazaki 5(21)°]
Haugh S HYPAA ARSIt e Y PEIE sup-
portell E&A1717] 9938 10 mLe] PEI £9(2.2 mg/mL)<
200 mg?] support2} 7] 50 mL vialoll ¥l shaking wa-
ter bath& o]&3to] 24 150 rpmez 2413t &<t
H-3-3-ith. PEIZ} supportoll 83 §3d & S/
29 M3 Th 1 ¥ lipase solutions 10 mL ¥ il
shaking water batholl A 2A]ZF Qg3 T} QbS5 A+
5 mLE F ko] @d Sl o] gsiglen, nAst aivt
S0 d+= vialell 272 2%(w/v) glutaraldehyde solution
5 mLE 9o 2A1%F 5 WA it
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Lipase AH®} support 7te] #3}&& 22l
Lowry 5(22)2] "HE& df W3 A (lipase
AH)Z F(MUIM, MOIM)¢] @il d gaks 7313l on,
standard® bovine serum albuming ©]&sloith. 3k
solution A(CuSO4-5H20 0.5 g+ NaszCeH507-2H:0 1 g+ 5
49100 mL) 1 mL9} solution B(NasCO3 20 g+ NaOH 4
g+ Z 79 100 mL) 50 mLE &£%3+9 solution CE AF-
31912 Folin-Ciocaltue phenol 10 mL¢} 74 10 mL

&2 Z3s}o] solution DE A %3k ch vl d &eF =40
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He g3} 2t} WA lipase AHS A 3haFs =43}
71 Y& @4 Z tris—HCI buffero] 2 mg/mLe] T == 34
I ol & 9AlEE & F junkst B2 ETES FIAA
Ao ZH & diido] Folgles AT AS ATt Hgt
Azl 1 mLE 2357 780] d+= 15 mL test tubeol] WL
solution C& 2.5 mL #7}ske] 30%7t vortex 3+ & AL

A 1087 =18k t). 2L 3 solution D& 0.25 mL 7}l
30%7F vortex ¥ Thg 204 303 WAEIATL ol &
spectrophotometer(UV-1700, Shimadzu, Chicago, IL,
USA)E o] £38}9] 562 nmoll A &3S SH3s9 o
o7 MUIM MOIM®| el ek 42 9joh 2 Wy
oA Thg T2 =VHS WA e Wit a4 s}
F FHZ A4F NS 100 pl Haked 2 mLe tris-HCI buffer
of 3]Aste] A&

Lipase AH, MUIM Z! MOIMQ| interesterification Bt

A8t axe &4 SAH37] 91389 shaking water
batholl 4] interesterification W8-S 3P} ). w8714
Q1 Ca, PEE, StEEE 1:1: 1/] H &2 & 2 g8 335}
50 mL vialell 718} = &35 F 7149 10%
FA 0.2 g& /‘}“@LO} ‘jr St | %@’E‘f’ﬂ 3 mL9]
hexane< 7}8}91 2.1, ©|& shaking water bathellA] 46°C,
185 rpmo. 2 6A17F 5k BEE-3i T}, v 8%a H3k 0.5
um PTFE syringe filter(13JPO50AN, Advantec, Tokyo,
Japan)Z oJ¥slF o, NoE o] 83} Polgl= hexane
S AAT F YFEA B

IH™st SA9| reusability S
s &40 AALE 7Hs oAFE ERls7] f18ke] re-
usabilityE ZA3FATE 93712 Ca, PEE, StEEE 1
1119 & ¥ &= F 2 g& F8te] 50 mL vialell #7183t
Tk 2349 & 714 Eﬂ]«] 10%<1 0.2 go] a49} hexane
3 mLE 7}ttt 1 3 shaking water batholl A 46°C
185 rpm O & 6417t &<k vhg-S skt F g wkg
2 0.5 pym PTFE syringe filterE &3
st §ulE AlASAT. g Holgle 1
hexane .= o]2] ¥ “A|8}kaL hoodol A 3}
o224 1AxA1Z1 F A interesterification Rt
glom ol 5 w¥HE AlEstglt)

o&il.oﬂ
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Interesterification EME9| X|dhAl =M 2M

1433k 45 AFE3lY] interesterification WS X
Pt F AFE A E AW 24 B4 thin layer
chromatography(TLC)E o]-&3&}3it}. Chloroform 200 L
o W& 50 pL= ¥ vortex 3 & TLC silica plate
(20%20 cm, Merck, Darmstadt, Germany)®ll spotting 3}
Aok, 1 3 A8 vl(petroleum ether : diethyl ether:
acetic acid=90:10:1)& ©]-&3to] TAG &5 #8332

3} Lipase AH A% % &A% 4k

olo
A

54 AT 1027

H, o] A3 F o] d+= 15 mL test tubeol] FH 3+ & gas
chromatograph(GC) 412 93} methylations %3}
Gtk WA 0.5 N FAshER &-9(in ethanol) 1.5 mLE
3027& vortex 3}¢] 95°C9] %%—’Fioﬂ/ﬂ 5EZF Wk
T 25~30°CZ2 YZ+sl9ty. 2 & BF3-methanols 2
mL @7}0}1 30%7F vortex 3Fe] 95°Ce] &&=z A Hk
S A7 F A 25~30°CE W2Hekdtr. ol 7)ol iso-oc-
tane 2 mL9} 1 mLe] X3} NaCl €4S Yl vortex %
o AT 712,500 rpm, 3:)E o]&3lo] F Y Fo
2 B3t} A5 AL FH3e] anhydrous sodium sul-
fate columnd] EIHAFZN FEI} ETES AASA
t}. do]2 methyl ester E Y] XS GCE o] &-3}o]
A5kt B4 AgE GC(YL6100GC, 6000 series,
Younglin, Anyang, Korea)?] column®.® SPTM-2560
(100 mx0.25 mmx0.2 ym)< A&3th Detectore=
flame ionized detector(FID)E A}g&3F o™, oju] de-
tector®] &%+ 260°C, injectord] &%+ 250°CE 3}
t}. Oven?] &%+ 150°Col| A 5%3F FA43F & 4°C/mine
2 220°C7HA 52 dhglen, o] 30¥3t A8t
Carrier gasi—‘: He$ flow rate 1 mL/min©. 2 A}&-3}3}
om, AlEi= 1 uLE GCol FYste] A8k th23).

sn—2 position X[HAb TN 2M

W59 sn-2 91X19 Atk 244E 157 Hste
sn—1, 3 917 E0o]X4 & 74+ pancreatic lipaseZ ©]-&3}
o] Zhafstalth ¥EES 2/ ol 9l 15 mL test
tubeol] 7 mg 3 ¥ 7 mLe 1 M Tris-HCl buffer(pH
7.6), 1.75 mL2| 0.05% bale salt &<, 0.7 mL2| 2.2%
CaCly &9 7 mg-"% pancreatic lipase& #7133t} o]
Z3HES vortex $F § 37°Ce] d2FFo A 383 G}
Fom, o]5 2~33 WEFET. 1 ¥ diethyl ether 4
mLE 71383 vortex 3 & YAEE 7| E o835t F /9]
o7 BEEsi o, 45 NS anhydrous sodium sulfate
columnel] FHAF 02N 7 BEES A7 83 o]
£ TLC silica plate®ll spotting 3}, A 7]-&vll(hexane
: diethyl ether : acetic acid=50:50:1)& ©|-&3}o] &35}
%t A7lE TLC plateol A 2-monoacylglycerol(MAG)
kS # 3} methylationdt & GCE o] &3to] A ¥k %A
< B2,

Reversed—phase high performance liquid chroma—
tography(RP—HPLC)E 0|2%t gME°| TAG =8 EM

#2274 interesterification W T A" FAE 9
TAG 245 81317] 93] RP-HPLC(Younglin)& AH&
FATH25). 71719] columne Nova-pak®C-18 60 A 4 ym
(3.9%150 mm LD., Waters, Milford, Ireland)S A}-&3}%3
o HIXE= Younglin SPI30D dual pumps ©]-&3F3th
a0 ALE-H ol5 o2 &) Alacetonitrile) 2} &
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B(iso-propanol : hexane=2:1, v/v) o™, &u] A} BE
80:20(v/v)oll A 54:46(v/v)E 458-7}A] WM3AIZ] ¥ 158
FHAEd T 1 F 80:20(v/v) 2 65%7HA] WEA 7
H 702 7HA A B o F<2 1 mL/mine] ATH g
AF8-5 detectors sedex 75 evaporative light scattering
detector(ELSD, Seder, Alfortvill, France)$l 2. 40°C,
2.2 bar=® A7gste] 43 HH25). AlE+ 4 mg/mLe
%2 chloroformel] 43| =¢] 10 pL injection 3}512
™ B2 % TAGY partition number(PN)2] AAk4] & T2
7 Z2TH26).
PN=total carbon number (CN)-— 2Xtotal
number of double bonds (ND)

SAXzE|

AR 7] o] Al Apol& H5387] 918l SAS(Statisti-
cal Analysis System, version 9.01, SAS, Cary, NC,
USA)E ©]83}% 2™ Duncan's multiple range test& %

&3kl 7X0.05 ol A vl s tH27).
Aot o oF
Lipase AH2| 13t & THHA B
Lipase AH®] A3} 2718 AAS7] 98] multi layer
¢} mono laye o] WhH o 2 pHE} lipase solution®] T
gdgste] n43tE AAIEATE EE lipase AH, PEIT
support ﬁgl At gelstauxt A st ¢ oy g

J

S =439, 7 A3 Table 139 2t} 143} £ lipase
13t S WMESZE JUeEld AL bounding
protein(%) 2.2, support(g)oll Sztd “ulado] &S mg
protein/g support® YWERHSIoH, HAZX S Z lipase
solution®] ¥%(3, 5, 8 mg/mL)7} S7t&4% mg pro-

tein/g support®] %o F/lehE AT e} Ea

Tl o]

pH 8.0914 =7 YErsttl. Bounding protein(%)e] 7-$-
MUIM< lipase solution®] %7} S71&45E 1 go] &
7Vt A4S YeEISl oy, MOIM< lipase solution?]
STt S7HEFE HAsGTh ol A st AFEE li-
pase solution =7} 3 mg/mL7} 8 mg/mLE.t} & lipase
oz oko] 7] wjiEol| bounding protein(%)°] Eol%=
A A 1A s hpase«] ko Ao Aoz AMZrHETE whe)bA
AA| 3179318 liapsed] @A %2 mg protein/g support
Ao A & = dxo] A8t AF8-4 lipase solution &
L7t FoldE FUtete AR HRlt o3 AIE
Zgs] B, MUIMS 29 1133} AF&% lipase sol-
ution®] H%7} 8 mg/mL, pH 7.5¢ Z719A bounding
protein(%)°] 29.14%, 11.32 mg protein/g support® 7}
A=A YEb T 3 MOIMe| 79+ AH-4 lipase sol-
ution ¥%=7} 8 mg/mL, pH 8.09] Z71oA 1A43stE 18
AE Uﬂ bounding protein(%)¢] 19.96% = A YE%:
A9k, supportell &&t¥ @z o] Fgko] 7.68 mg pro-
tein/g support® 7} =4 et 2102 Hol lipase
WA support 1 FEtEo] £ A0 FE QL

Interesterification BI2E S8t nHS 4
AH2| & H|w

Multi layer@r mono layer W 2.2 lipase AHE 11743}
gt & 0 uAs ase] &S &1 a4F inter-
esterification ¥H-g-& a3} gl A8 712 3
AE A At 24E GCE o] &3t #4138k
TAGS} sn-2 position®] A¥}+= Table 29} Table 3 YE}l
Aot HA 243} 1o a42 powderd 9 lipase AHY
interesterification ¥+ A3}l A A E 2] F AWl 24
2 palmitic acid(C16:0) 11.69 area%, stearic acid(C18:
0) 5.44 area%, oleic acid(C18:1) 56.32 area%, linoleic
acid(C18:2) 18.76 area%$} linolenic acid(C18:3) 7.81

AR} lipase

pHe] W3lel wie} A3} aihe] gl ko] th= A area% = YESTE E3] sn-2 positiono] 4] palmitic acid
Bl Tt MUIMS] 4% pH 7.59] ZHAoA tt& pH 24K 2.19 area%<} stearic acid 1.17 area%= powderd 9] li-
O o B2 o duide] agstd Aow wolw, MOIM2 pase AH= sn-1, 3 912 S5o]4d& 7HA= Aoz Bt
Table 1. Comparison of protein content of immobilized lipase with different immobilization methods and enzyme solution concen-
trations
Mono layer Multi layer
pH  Enzyme solution Bounding Support mg protein/g Bounding Support mg protein/g
concentration protein (%) weight (g) support protein (%) weight (g) support
3 mg/mL 20.96+1.01 0.2035 3.79+0.23 14.26+3.29 0.2039 2.5340.61
7.0 5 mg/mL 15.27+0.25 0.2059 4.33£0.02 21.20+0.76 0.2028 6.11£0.21
8 mg/mL 12.46+0.00 0.2012 5.58+0.04 25.57+1.74 0.2028 11.32+0.83
3 mg/mL 22.39+1.36 0.2031 3.62+0.28 20.154+3.17 0.2023 3.27+0.52
7.5 5 mg/mL 15.81+4.13 0.2045 4.02+0.97 23.26+1.28 0.2021 6.00+£0.31
8 mg/mL 13.59+1.24 0.2031 5.19+0.38 29.144+2.77 0.2037 11.11£1.05
3 mg/mL 37.76+0.72 0.2023 5.74+0.23 6.66+3.14 0.2020 1.02+0.49
8.0 5 mg/mL 25.33+2.47 0.2021 6.42+0.61 19.7941.60 0.2026 5.00+0.42
8 mg/mL 19.96+1.33 0.2037 7.68+0.52 24.31+0.09 0.2046 9.32+0.15
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acide] g&Fo] 16.299} 9.88 area%® 71 E& oz
e Aet. =3 pH 7.0 pH 7.569 oA 1A} E
39S wl 2447 SSFA7ZF 10.46~17.23 area%, 11.04~
17.19 area%= MUIM((pH 7.0, >SFA 11.89~16.72
area%; pH 7.5, SSFA 13.84~16.79 area%)¥} |53k &
AL woith nAsE gl eko MUIMo] t] =4 =
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sn—2 position®] A|WAF 224 9] A= MUIMZ} v] 28 4
ko 7 e, TAGY ]H Ab ZA oA palmitic acid
9} stearic aicd7} %] 34d¥ T sn-2 positionol| =
o] F71etsltth. ol & &3l 14 stE X WsFHA lipase AHZ}
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Fig. 1. RP-HPLC chromatograms from enzymatic interester-
ification reactants by immobilized lipases on weak base styrene
resin (molar ratio=canola oil : palmitic ethyl ester : stearic ethyl
ester=1:1:1, enzyme=multi layer (MUIM) and mono layer
(MOIM), temperature=46°C, reaction time=6 hr, shaking water
bath reactor). (A) canola oil, (B) reactants by MUIM, (C) re-
actants by MOIM. 1, LOO; 2, LPO/LOP; 3, OOO; 4, POO/SLO;
5, SOO; 6, PSO/POS; 7, SOS.
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o1 lipase AHHT} &40 gXo] & Zlow molt,
MOIM®] &Ael 7 A des=d 000+ 15.11
area% = 7239 2™ POO/SLOE 31.93 area%, LPO/
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Fig. 2. Total saturated fatty acid composition (area%) of re-
actants on reusability from the different immobilized lipases on
weak base styrene resin by batch type reactor. (A) TAG, (B)
sn-2.
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Fig. 3. Total saturated fatty acid composition (area%) of re-
actants from enzymatic interesterification by immobilized li-
pases on weak base styrene resin with the different times (1,
3, 6, 12, 24, 48 hr). (A) TAG, (B) sn-2.
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Fig. 4. Total saturated fatty acid composition (area%) of re-
actants from enzymatic interesterification by immobilized li-
pases on weak base styrene resin with the different temperatures
(25, 46, 70°C). (A) TAG, (B) sn-2.
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