A ETEIA ATH A3Z
Korean J. Biotechnol. Bioeng.
Vol. 7. No. 3. 172—178(1992)

Lo
=

Polyurethane Foam

o] &3 ZjtobA] A4

TF

Rhizopus chinesis®] 174 3}

22 4%

@I F3 L AEFH

3]

54
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ABSTRACT

A simple and effective method has been developed for the immobilization of lipase producing Rhizo-
pus chinensis on polyurethane foam. In this method, the fungal cells with 1, 3 specific lipase in their in-
side are immobilized within the foam matrix. Four types of commercially available polyurethane foam

were tested. The ultimate purpose of the process is to produce low-cost biocatalysts for lipase-cata-
lyzed reactions which are being increasingly used for industrial applications.

Effects of several parameters were studied on the cell loading and the hydrolytic activity of intracel-
lular lipase after acetone drying. These parameters were the type, size, and amount of polyurethane
foam. In all the cases, the intracellular lipase activity obtained with the foam was approximately twice

greater than that obtained in the absence of the foam.
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ofZA FolAzT Pl HZ HAe, o|iHE
grAde| o)k optically pure compound] A%,
green chemical®] A&, racemic ester®} stereo-
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extracellular microbial 2]golA| & Wi &

172

AA7)e el eEst glern®, Bahgk 2,
AAFHAe] dast, HAH ol E Ao
2 Y432 1A s} A 95HeE o
a2 A He.

A 2jtolAl ] A3 o] HE AFE+= pack-
ed-bed reactorol}4] alumina$} kieselguhre| &} =
A3}, 1232 polyvinylchloride, chitin, sepharose
9] coupling o] (4, 5). 2, A3}
AL Baska, wla 32719 715E 71 SAW
A2 EAAG Agte g s nAsA U &
At o9 2R A4S vepilitks EAA] 9l
(5), FolBu® AAR ejglolA| 9] 71Ho] %7
o o] iAoz 2837 ojedF-o] ot

243} FAell A dead cell& o] &dh= A= &
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Aste] Ealo] HEuUie gle Eauks 0|43l
A&t Aot olelgt FA AMHE HEEHEH &
25 Fe - AAY et o3, AEeEtE A4
B 4A 28E 4 glom, aankg F9 Ay
3 2 24 Aol Hojum, cofactort A A
5ol Zo| EA317] well ool gt v]ge] HzH
g gl Aolrh(6-9).

2AE jA e AE 2EA, FU1E, LA
59 oejEAe] AMEEI glem, o]F dhal
polyurethane-2 3}, 7|A|x o2 <kxah, 3ol
ek o]l T, & FHE AxT oS Yk
27|12 A ks 4 sl7] Wil vl A
gsle}(10).

Polyurethane& prepolymer& ©]£3 entrap-
ment 3= foam& o] 43t Fah S B3 M2
1A 3ol odgkth. Polyurethane® Methanogen
o] wulof, ANEAME ek, Arthrobacteroll |3}
NADH®] A4}, Rhizophus arrhizus®] polyure-
thane foamel] 2J&+ fumaric acid2] Ak o] o}
(11-13).

£ ATede ggolAE Aisks 459 4%
ol Rhizopus chinensisE polyurethane foameol] A
Azt FAlel 2AsIA 7= vl digk AoEA
extracellular 2jdlo}A|e] A-oh= da) A4 2 =
Aste] BAglo] Fhks] 1A} AEFHE Azshe
Aol Al FAolth o]F sl AlFelAM £3]
T3 4 9= oe)EF-9) polyurethane foam$ I
g A2 AMgsiglon, o wjfzle] 1A}
& 9 59 A X dF%E AR

>
o

g 5

o5 8 K|

2 A= ATCC o4 Reopir2 Rhizopus
chinensis(IFO 4768 with 1, 3 specific lipase) & A}
2519t AMeE wiR|e] 2AL pepton 70g/L,
NaNO, 1.0g/L, KH,PO, 1.0g/L, MgSO, - 7H,0
0.5g/Lolct. Aol Hoq wtadd F+H& $ste
w2 1L 20g9) oleic acidg AM-3}9]c}.

™3l oA

B o] AR8-H polyurethane foam2 25 4
T2 SR ()N FEisken, AHgd
27)9) SMAE At AHgstelch AHSE polyure
thane foam 2] &A3-2 Table 14 Yehi et
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Table 1. Characteristics of polyurethane foams

Apparent Apparent Elongation Tensile Density
porosity pore size percentage strength (kg/cm”)

() (ppi) %) (kg/cm)
GP-330 0.97 33 156 1.3 30.6
HR-320 0.97 38 156 1.4 31.0
GP-160 0.97 45 117 1.0 15.0
HS-320 0.97 45 170 1.0 30.0

*: pores per inch

M=Zo uds U ®MXe|

250ml flaskel w§=] 100ml¢} polyurethane foam
2 Y 1587F 120C 2 93 9 shakerd|4] 30
C, Z7] pH 5.6, 200rpm¢] 7422 4947} wljokA|
Fth. A& agar slantol] B33 225 Hgst
TR Mt ImlA AEslodct. 447E wig
% Boa 2} polyurethane foam o 1A A
X5 wjoklol| A oAslm, @A) ko] wiAE A|A
3t7] $13te] FRR AAHstR, o] FA| e
] 2] x| 9= acetonelZ A&k & clean benchol
A 2ed7 e ZAFA17] 3 JEE S shed)

HZ sz &3

i AEY FE ek Fo FAE st
FHTe opAlESRE Zhzh AW AAHF H 100C
oA 17t AxA17 & FAE SA4st] AAzs
o} 2AskE Az A9 hellAe} 2 nwbgo
2 Axs & FAE &xs}a, sodium hypochlo-
ride solution(10%, v/v)o & AIXE AAS =
polyurethane foam%te] F-AE &Asle] 1 zjo|&
e e

sS40 g8 &3

40 42 Kwong-2(14) Wg ot 4
gfo] ARg3tl=dl 28]Hf emulsion®] 7R3
2Hel AAsls A4k FEE  copper soap
colorimetrydhj o & ZA3l9ic},

L8 B $H emulsion 20mlE-&}H-F-of polyviny-
lalcohol solution (1%, w/v) 100mlE- ¥, d&°
2 7hspd A 10,000rpm o2 1537 E3ste] A
z3}gdc}. Cupric acetate-pyridine £%H-& 5% (w/
v) cupric acetate &% pyridined #7}s}tod
pHE 612 =xA4slo AMg3igdct. e|Hfi+
SigmaA| &g AHEstd, 71k ARRE Aloke B
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20ml screw-cap tubeell 10ml n-hexanes} 0~
25 umol9 oleic acidg Yol EFEARE whE9le
o, oj¢] B AAZHE ZF FAE whEo] A
stolch EEAE SmiE A@Rel $7 ¥ cupric
acetate-pyridine-2&  1mlE #H718HE  vortex
mixer® 90% FoF EgsbHA x|} 10~
202 FF Wpx|ste] 8A43Y oleic acid7} FEH
n-hexaneg #2|A|7) &, 4549 FAEE FA
shoich, wHAlle] Falw = gpectrophotometer&
o]4-8] n-hexane blank solution® & &te] A =}
#lel| 4] scanning 3|2 3 704nmolj 4] ZA 3t

AluFe ax A& A8 Hsted 20ml
screw-cap tubeol] 5ml¢] &-g|Ho 10ml2] 0.1M
acetate buffer (pH 5.7), 1ml¢] 0.05M CaCl,& &
27 o] W3, 37C, 150rpm&] 270 wut
A7 4} g A7 E4eb ukg-AlZo}. Intracellular Bi-
pase®] A& SA37| Yot AME-H AT o

40-50mgo]31 2, extracellular lipased] #4& =
Q37 Al okl ImlE ARGshelch we
n-hexane 10ml& ¥x1, 100C 9 g2Fxo4 108
7t FolwA kA Ze) ool 5mle] Aeds
2] 5 A FHEE A Akl
o34 AR oleic acid?) ok TFILAL o]L3}

of Asketgirt. 2fstobale) SAEE unit®E vehy
i, 1 unite 99 ¥vhez7 slollA] B3 AAE 1
pmol#] Auato] 44 BE ou e,

Az gl 3%

R. chinensis2| M7 & C|Tj0IH MM E4

W72 R. chinensis®) 474 2 elstolal2] 44
EAL zA8}7] 998} polyurethane foam$ €]
23 100mle] wiA]E AM8-3}e] shake-flaskel4] 5
Uzt Hehufok §S o, A7kl Wk A2 Fxe} in-
tracellular®} extracellualr lipase®] #A4%2 Fig.
Lol vfehigiet. AE9] FEi= 6.8g/LE 4& 5 9l
913, intracellular lipased] FHAIEE 904]7}F o]5d|
560U/L2&] #izks H.9dr}. Extracellular lipase]
e 2,000~2,100 U/L9 zke 249t}
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Fig. 1. Growth of R. chinensis and lipase
activity in suspension culture. (T=30
T, pH 5.7)

Polyurethane foam2| &R0l w2 A&t

A}2-5 polyurethane foam$] £%7} R. chinen
sis¥] A3 Axo e|dfobA o Ao w]x=
Qe ZARP) Slste] ERE 6~TmmIr|2 A
£ 1007144} polyurethane foam& 100ml 2] wj =]

Table 2. Effect of polyurethane foams on the
immobilization efficiency and the lipolytic
activity

Cell mass Lipase activity

PF  Immobi- Suspen- X Intracellular Extracellular
lized  ded Xow (Uad0Y/mg  (U10Yml
gL (L)  ®) cells) broth)

GP-330 49 070 14 11.6 60.9
(568.4)" (609)*
HR-320 58 048 76 149 148.8
(864.2)" (1,488)"
GP-160 623 050 74 24.2 134.7
(1,507)* (1,347)"
HS-320 631 066 95 217 1296
(1,369)" (1,296)*
without 6.94 12.3 144.9
PF (853)" (1,449)"

PF: Polyurethane foam

* Total activity, U/L

Xsus: Suspended cell concentration
Xt Toral cell concentration
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7} £ flaskol] @o] 497} wjo¥st A7}E Table 20)
velgict. wjebE #A= polyurethane foam £
ol @Agle]l AMEZL A A SR F-f xS
Tx7b AA AE w22 10% v)gtelgdch. 1 Fol
A= pore size7} 2WdF GP-16032F HS-3202] #
7} v]ZA pore size7} £ GP-330¢]v4 HR-320
Boh 243t Axrt 3A depdeh. GP-330¢)q
HR-320¢] 7% wi<} § AAHSY AHejgpA el 2
A3l = FA Q) ojgddto] AlstA vehds £
=+ ¢Jgdt}. Polyurethane foam$ 2|9k wjerst
Aze} wims|®H, polyurethane foam& WHE
wfe] AA AE Frrt GP-3309 HR-3209 #4$
of 7} Ztidke AL B 7 e, GP-1602
GP-3204] 75-dl+= fAe AgE Aok A3z
©.8 polyurethane foamel] &8 4|E2] AAbol=
ddo] AlS-& & o stk A A7 A g
stolAl o] Qv = Hehjoke] AR} A el
stk o= AA AAFA- s AR pulp-
like formatione] A= 11, pellet-like formationo]
Z&21% o] intracellular lipase2] A Eo] 33kS- v
Ath= Kauto®} Linko (12)9] oIz} fAlsl
t}. u 289 polyurethane foam o4 GP-160
o} HS-320% A2 ARS8 Aol A3} 580
7V Z31, ek vloke w]sled intracellular lipase
o H@YEE= o 26 sl =d & Aok R
chinensisg A3} 37| 98t oJ2)EF2 poly-
urethane foam(PF) & A2 A}4&3 Nakash-
ima 5(13)& PFY E£7el o}l 7435 o 3~
5.7g/Leola, intracellular lipase®} extracellular li-
pase?] activityZ} ZFz} 0.023~0.05U/mg-cells, 0.
70~3.0U/migle] ubsle], 2 odFteA= PFo| £
Froll aje} #Ae A3k 4.9~6.3g/LE tii
=211, ntracellular lipase®] activitys= 0.116~0.
242U/mg-cells2 oF 5v] 7}=F =}, ubwol] extra-
cellular lipase?] activityt 0.60~1.50U/mlZ <}
20 74 k. %, & QT AHER PR7} 37
318o] =1, extracellular lipase®] HAIE A3}
L intracellular lipase®) AJARS- 3F4F A)718 & o~

dct.

Polyurethane foam2| 37|0f| w2 "

AH2-# polyurethane foame] Z7|e)| w}2 1133}
A&7 elvfolae] BHEE 2ALe}7] $J8te] GP-
1605 4~5mm(15070), 7~8mm(807)), 10~11
(4170)% 100mlmj=) o P wjokstgct. ofd,
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zkzke] wjefdel| 718 polyurethane foam$] -3
+= =4d3}c}. Polyurethane foam$] =7)d)] u}l& o
TABE Table 39| A A]8}l¢ic}. Polyurethane
foam®] =7|7} Z7}%he)| ole} polyurethane foam
(PF) N aAstefe ddd2 Folsla|at, 24
A3k 2 xlolr) ¢18-S o 4 9ul. Intracel-
lular specific activity+ 4~5mm<el %7} 713 7)
o, )z Z7)7} kel wel gaske 7S o
T Qleh

Table 3. Effect of bead size of polyurethane foams
(GP-160) on the immobilization efficiency
and the lipase activity

Immobilized cell mass  Lipase activity

Bead size
(mm) total specific  Intracellular Extracellular
(g/L¥  (mg/PF) (Ux10%mg (Ux10"/ml
cells) broth)
4-5 6.3 4.2 19.7 120
(1,241)°  (1,200)"
7-8 6.8 8.5 16.3 167
(1,108)"  (1,670)"
10-11 6.6 16 114 270

752)° (2,700)"

" Number of polyurethane beads: 4-5Smm (150 parricles),
7-8mm (80 particles), 10-11mm (41 particles)
* Toral activity, U/L

Polyurethane foame| ko th2 o5}

Polyurethane foam ¢ #-1]7} 143 &3 29}
opA|e] A xo| wAe FRE FAREl7] ¢k
100mluf =)o)l z+z}F 100, 150, 200782 4~5mme]
25 WAl 4947 wiekA|g] & 1 432 Table 4
o AAlslgdct. £ Aol ¢] polyurethane foam
o FHdf A wHHA] wfokle] ds] sl 7}
A g8l g ATE ok gAY AR A
akE Axe 3Ash= 100749 739 AE7} 1A
stst7] ¢lsl dag GAle] BEeE A3} a8
vt el 150709] bead & ARE-3F 7ol of3-o
AE7L FAlo] A3 ®¥)9lF, extracellular lipase
o] G} 71 ot 143 | wAle A4 24
Ex ole} FARE AgkS Hof 150708 ¥e AS
1,238U/LE 714 &4 vepdrl. 200719 9415 ¢
418 7% (pore volume: 24.2cm’) B-§ A= 24
A F2] 3%vute R Ao B Al2r} w3} x|t
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Table 4. Effect of amount of polyurethane foams
(GP-160) on the immobilization efficiency

and the lipase activity
Cell mass Lipase activity
Number of
bead Immobi- Suspended Intracellular Extracellular
lized (g/L)  (Ux10¥mg (Ux10/ml
(g/L) cells) broth)
100(12.1)* 4.5 247 21.5 168
(45) (967)° (1,680)
150(18.2) 6.1 0.26 203 137
(4.06)° (1,238  (1,370)°
200(24.2)° 57 0.17 18.7 144
(2.84)° (1,066)  (1,440)°

* pore volume, cm’, ° cell mass, mg/bead; © toral activity, U/L

polyurethane foame] ofe] Z713lel wz} AL
el o AE 3ol AdkE FE & 4 3ok

D3| MZo EELE

Cell polyurethane foamel|®] &FA7}EE dofB
7] 98 Axe A 7~8mme}t 4~5mmY
polyurethane foam 1g& z+z} 100ml /571 =
flaskel|l A vlmd & wHkEEl 500rpm_i ek
AlFEA A7kl W AEY FEATE “‘-ﬁi‘}l’
th(Fig. 2). F7HA BF mHbz7]o A|Z29] FFo)
Alglew 72 5% 20% A x| HAaE Bt 1
1]7} 0)% 9] AE¢ FEAEE T/ 7\}_:_6}0:] 104]
7V & 27t 85%, 53% 9 A|E7} polyurethane

- tg\z\ﬂ
: .\.
g ol \'\
3 *
E
F 40t
K Y 4-Smm (150 rpm)
® 4-3mm (500 rpm)
o 7-8mm (500 rpm)
20
s} i i 1 1
o] 2 4 6 8 10
Time (h)
Fig. 2. Adsorption intensity of immobilized
cells.
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foamle) ol 2lsie). Eael $4E F4s] 9
3 150rpm_i AR ASels HEY F3o)
u E = 9\1%‘:}

AlZhol| w2 D3| Jg_,_g} g gNE

i Z] 100mlel] AZ¢] Zo] A& 7~8mm poly-
urethane bead & 1g Q@1 A)7lol| o}& 733} A%
of FANY] ZlolAe] BAw o) wistE st
t}. Fig. 3& A|7}o| wpE pH #3}9} polyurethane
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vebd Aloleh. ofd, 34 AT FrE v
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Fig.3. Growth of R. chinensis with polyurethane
foams (polyurethane foam: GP-160, dp=7-
8mm, pH 5.7).
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Fig. 4. Lipase activity with polyurethane foams (poly-
urethane foam: GP-160, dp=7-8mm, pH 5.7).
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" AA Y & wiAY] EHZ o] FEY e
E vehd Hojrt. HFAo R dojal HA AE F
= ¥ g AE Fx(Fig. 1)¢} dohe o]
E HolA| ottt i AEY T 4047 H-2
dA HAE BT 2 F3 Rt A F dHY
@ 22 7 U

Fig. 4= 2R3 A¥e] ¥x¢} intracellular$}
extracellular lipase?] activity S el Zolc}, 1
A3t wiokat =t wiok(Fig. 1ellA] 32 ejgiofa)
o A== o 2,500U/LE AR 27+ d9iA)
wk, polyurethane foamg AM-%F A3} intracellu-
lar lipase®] &Ax7} et ajey B} of 24 o)A}
Z7hshalnt.

¥z NZo Hordy
Ao o2zt sEaEe] Al
polyurethane foamel| 2A3}9 AEE ApgE A4S
£ 7}A3lY intracellular lipases) #A%e| o3}
d S 2R 243 AlEE pH 749
citrate buffer 10mlel] @31, 7zbzbe] x4 1, 2,
5, 8A17F & FrAAIR] oS dololis FAW e &
S ZAs14c) Fig. 5& A7kl W& 7 &5 4)
o B4 g WAz A9 BAE jEe s}
of el Aoct, 1 A3} 50C YU HS- 843 o] %
off oj-Ee] #A8 Y, 35T Aol vz
At o] #& Ao® depyrt. gulolale] wd
37t 1248 o= 718l A Arrhenius
1y
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g. 5. Thermal stability of immobilized cells
(polyurethane foam: GP-160, dp=7-
8§mm).

177

—2.0 }

slope= —14.45

—30}F

—35¢+

—40 1 L 1 L
3.05 3.10 315 3.20 3.2% 3.30

1/TX10° (K™
Fig. 6. Arrhenius plot of thermal deactivation.

plot(Fig. 6)& o]-83}o 4L n|&A3} of=]+=28.
Tkcal/mol24] Shaw(5)%5°] Candida rugosa li-
paseS PVCell zA3A|7] &= 73 71 27~33.
15kcal/mola} A9] fAlgh g& B} wjeba,
polyurethane foamol| A3} Azl A2z
o] dgtAiAe] vz ok8-& o = glgict.

4 £

2 AMEE polyurethane foam-& Rizopus
chinensis 9] #A7} 23t ksl A& 4= 9
Al stk 2A4gE Sl AR-E Wl EF9 poly-
urethane foam% GP-160¢] 143} vjA 2 <3t
AAS Hea, Y =7l 7-8mmyt AHsle]
t}. Rhizopus chinensis®] ek wieks} polyure-
thane foamol|419] 243} wioks vlwd o), A
glaolA| o] SAEE 2 #H3rl gddAml, 243}
wjoke] 7 extracellular lipased] A4& A5}
intracellular lipase?) FAXE det vljofe] #AS-n
of oF 2w 7k =d $7) dddeh 243 Az
AFHAE 27 $l5te] 35~50TAbolollA o
olojg w|gAs} RIS Tl Ax, 1 gho)
28.7kcal/mol24] H AFoA 2= w3t AE
o] AZwr} vlwd L drAL w9t
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