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Abstract

Different methods for stabilization dflucor circinelloides lipase, facilitating its application in organic solvents were tested. Lipase was
either isolated from the mycelium and immobilized on solid carriers (derivatives of cellulose, diatomaceous earth, modified porous glass)
or immobilized in situ in the mycelium pellets and stabilized. The immobilized enzyme preparations were used for synthesis of sucrose,
glucose, butyl and propyl oleates and caprylates, carried out in petroleum aruediyl ethers. Immobilized preparations of either crude
or purified lipase isolated from the mycelium were at least 4-6 times less effective in sucrose esters synthesis than mycelium-bound lipase
preparations. Lipase preparation with the highest synthetic activity was obtained by cross-linkingrafnelloides mycelium pellets with
glutardialdehyde (operational stability in sucrose caprylate synthesis was 94% after 4 runs (24 h each), and caprylic acid conversion was
91-85%). The best method for production of mechanically durable biocatalyst, which efficiently catalyzed sucrose esters synthesis, was
found to be entrapment of the mycelium-bound lipase in polyvinyl pyrrolidone-containing chitosan beads solidified with hexametapolyphos-
phate.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction One of effective producers of intracellular cell membrane-
bound lipase isMucor circinelloides strain, which grows
Lipases are frequently applied in organic solvents and well in triacylglycerol-containing culture medifl1-14]
therefore various methods of their stabilization, including Several other intracellular lipases, derived fréfucor ja-
immobilization have been establish§t-8]. Also genetic vanicus [15], Rhizopus arrhizus [15-19] R. oryzae [20],
modifications of bacteria, leading to production of cell Pseudomonas fragi [21], Rhizopus chinesis [22], Penicil-
wall-anchored lipases and giving novel-biocatalysts have lium cyclopium [19], Aspergillus niger [23], and A. flavus
been describefd,10]. Link [24,25] have been reported to date. Properties of the
M. circinelloides lipase have been described elsewhere
[11-13,26-31] Due to high activity (both in triacylglyc-
Abbreviations: GA, glutardialdehyde; HMPP, sodium hexameta- €rOlS hydrolysis and synthesis of esters of fatty acids and
polyphosphate; MBL, mycelium-bound lipase preparatipaNPA, p- aliphatic alcohols, glycerol and saccharides) and high sta-
nitrophenyl acetatep-NPP, p-nitrophenyl palmitate; PVA, poly(vinyl al-  hility in apolar organic solvents (it remains active at 2@0
coho_l); EVP,_polyyinylpyrroliFJone; TPP, tri_polyp_hpsphami, hydrolytic_ in a hydrophobic solvenitL2]), it can be applied in many
activity, in olive oil hydrolysis;As, synthetic activity, in ester synthesis; . . .
Ae. esterolytic activity towards-NPA processes, .partlcular_ly for synthesis of various esters. Its
* Corresponding author. Tek:48-42-631-3434; fax}48-42-631-3402. immobilization, enabling repeated usage, would reduce the
E-mail address: mirszcz@mail.p.lodz.pl (M. Szczesna-Antczak). costs of its application.
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2. Materials and methods
2.1. Chemicals

Chitosan from crab shellsM,, of 458000, DH of
77.6, moisture of 12.8%) was from Fluka Co.; octanoyl-,
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for 1 h at 25°C, with stirring. The immobilized preparations
were harvested by filtration and dried at room temperature.

2.4.2. Immobilization of soluble lipase on diatomaceous
earth
Diatomaceous earth (10g) was washed with water and

octadecanoyl-, and unmodified porous glass beads from J.Tsuspended in 50 ml of Tris—HCI buffer (pH 5.1), and lipase

Baker; PVP §4,, ~ 25000); diatomaceous earth (Hyflo

preparation no. 2 (0.1 g) or no. 3 (0.01 g) and acetone (60 ml)

Super Cell) from Serva; micro-granulated cellulose from were added (at 4C). Further steps were as $ection 2.4.1

Whatman Ltd.;y-amino-propyl-silane, PVANl,, of 72 000;
DP of 1600; degree of hydrolysis of 97.5-99.5), Triton
X-100, hexane, HMPP, TPP, dipentyl and petroleum
ethers from Fluka Co.; oleic and caprylic acids from Merck;
butanol, and propanol from BDH; molecular sieve (4 A)
from Supelcop-NPA, sodium alginate, and GA from Sigma
Co. All other reagents were analytical grade.

2.2. Microorganism
M. circinelloides strain from the Institute of Technical

Biochemistry (ITB) of the Technical University of Lodz mi-
crobial culture collection, was cultured for 72 h at 8D

2.4.3. Immobilization of soluble lipase on octanoyl-,
octadecanoyl- and silanized glass beads

Immobilization was carried out under the same conditions
as inSection 2.4.1Glass beads (porosity of 2000 A) were
treated withy-amino-propyl-silane and GA33]. The im-
mobilization of lipase on octadecanoyl- and octanoyl-glass
was carried out at 4C for 4 h.

2.5. Entrapment of crude preparations of membrane-bound
lipase in chitosan

Encapsulation of the mycelium-bound lipase in chitosan

in a medium containing 5.9% (v/v) corn steep liqguor and beads was achieved by phase inversion. Polymer solution

2.7% (v/v) olive oil. The mycelium (suspension or pellets)

(2—4.5% (w/w) in 1-1.8% acetic acid) contained lipase

was harvested by filtration, washed with water, and used for (preparation no. 1) in the weight ratio of 0.5:1 and 1:1, with

production of immobilized lipase preparations (S=etions
2.4-2.6.

2.3. Crude preparations of membrane-bound lipase

M. circinelloides mycelium Section 2.2 was de-fatted

with acetone (washed three times with 100 ml of acetone

respect to chitosan. PVP was added to the mixture at a chi-
tosan:PVP ratio of 40:60 to enhance its hydrophilic charac-
ter. The beads were formed by coagulation in 5% TPP dis-
solved in Tris—HCI buffer (pH 7.0) for 75min, and in 3.5 and
7% HMPP aqueous solutions, for 24 h and 15 min, respec-
tively. Some batches of beads were additionally lyophilized.

per 100 g of wet mycelium), dried at room temperature, and 2.6. Preparations of stable M. circinelloides mycelium
ground in a mortar, thus yielding the crude powdered MBL pellets

preparation (no. 1), particles of about 3+ifd in diameter.
This material was used for extraction of lipaSe¢tion 2.4,

The pellets (1-2mm in diameter) dfl. circinelloides

and for the entrapment of mycelium-bound lipase in chitosan mycelium (from 72 h culture in optimal medium, inoculated

(Section 2.5.

2.4. Immobilization of soluble lipase preparations

with sporangiospores suspended in 0.1% Triton X-100),
were washed with water and stabilized by using the fol-
lowing methods: washing three times with acetone (Sam-
ple 1), treatment with 1% alginate, 1% CaGPR4 h) and

The lipase was extracted from the crude preparation no.acetone (Sample 2), treatment with 1% GA (pH 34

1 (Section 2.3 with sodium cholate[12], dialyzed and

1h), 1% glycine (24 h), and finally with acetone (Sample

lyophilized to obtain crude preparation of soluble lipase 3), lyophilization (Sample 4) and treatment with 4% PVA

(preparation no. 2) which was purifi¢ti2] and lyophilized

(24h), 1% GA (pH 3, 4C, 1h), 1% glycine (24 h) and

(preparation no. 3). Both preparations of soluble lipase (nos. acetone (Sample 5). All these preparations (stabilized pel-
2 and 3) were immobilized on various carriers by using the lets of mycelium, approximately 0.5 mm in diameter) were

methods described iBections 2.4.1-2.4.4

2.4.1. Immobilization of soluble lipase on cellulose
derivatives
Cellulose palmitate and octate beads (102], were

applied for reactions of sucrose ester synthesis.
2.7. Determination of the activities of lipase preparations

The activities of lipase preparations towapddlPA (es-

washed with acetone, and suspended in Tris—HCI buffer terolytic, Ag), and olive oil (hydrolyticAy) were determined
(50ml), pH 7.2, and lipase solution (10 ml of 1 and 0.1% by standard methods. Details are presentegkiction 3 The
(w/v) of the soluble lipase preparations 2 and 3, respectively) concentration ofp-NP released by enzyme was measured
in the same buffer was added. This mixture was incubatedat > = 399 nm (molar extinction coefficient fq-NP was
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1.32x 10* M~ cm1). The amount of acid liberated during 3.1 Activity of soluble lipase immobilized on solid carriers
olive oil hydrolysis was determined by titration up to pH 10.
The specific activity of lipase was expressed in micromoles ~ The lyophilized, crude and purified preparations (no. 2
of p-NP (or micromoles of fatty acids) released by 1g of and no. 3, respectively) of soluble lipase were immobilized
lipase preparation per 1 min (pkatg1). on mechanically durable carriers (sgections 2.4.1-2.4)6
The ester synthesis was performed inngpentyl and Hydrophobic supports (except the diatomaceous earth) that
petroleum ether in tightly closed Pyrex vials (25 ml) at 30 or Were stable in organic solvents were chosen. The immobi-
50°C on a reciprocal shaker (180—220 rpm). Details are pre- lization of crude Table 1 Exp. 1) and purified Table 1
sented in the figures and tables. The degree of ester formatiorEXP. 2) lipase gave biocatalysts with synthetic activity 6-50,
was determined by acid titration with 0.05M NaOH in 96% and 4-260 times lower, respectively, as compared to the
ethanol. One unit of specific synthetic activi) was de- ~ MBL preparation (no. 1). The lipase adsorbed on diatoma-
fined as an amount of enzyme preparation (lipase-containingCeous earth was the most efficient biocatalyst, and the appli-
dried mycelium, preparation no. 1; crude preparation of sol- cation of the lipase covalently linked to porous glass, which
uble lipase, preparation no. 2; or purified lipase, preparation was the most mechanically stable carrier, gave the lowest
no. 3), which catalyzed the synthesis qirhol of ester per  Yield. The value of optimum IoB of reaction mixture de-
1 min (or asukat per 1g). pended on ester and lipase preparation, e.g., petroleum ether
(logP 3.2), and benzene (Idg2.0) were the most suitable
solvents for propyl oleate synthesis catalyzed by the MBL
and purified lipase immobilized on diatomaceous earth, re-
spectively Fig. 1). Probably, due to the unnatural and more
Different methods for immobilization d¥l. circinelloides hydrophobic microenvironment of enzyme, the immobilized
intracellular lipase in order to enhance its stability in or- preparation required less hydrophobic organic solvents for
ganic solvents were tested. Fourteen to 20 grams of de-fattecefficient ester synthesis as compared to the mycelium-bound
and dried mycelium (preparation no.Section 2.3 bearing lipase. The substrate specificity of the lipase immobilized
the mycelium-bound enzyme was obtained from 11 of the on diatomaceous earth was markedly different from that of
culture broth. Lipase in a soluble form was extracted from the membrane-bound enzyme, which preferably synthesized
mycelium with sodium cholate and lyophilized (preparation oleic acid esters. The first enzyme displayed the highest ac-
no. 2). In the last step the enzyme was purified 33-fold by tivity in synthesis of sucrose caprylat€aple 2. Notewor-
affinity chromatographySection 2.4. It was estimated that  thy, the M. circinelloides MBL preparation displayed the
the homogeneous lipase (preparation no. 3) (molecular massighest (off all the examined preparations) specific synthetic
of 42 kDa[12]) constituted approximately 0.57% (w/w) of activity (As). It was approximately 4 and 10 times larger
de-fatted and dehydrated mycelium. than the activity of homogeneous lipase immobilized on

3. Results and discussion

Table 1
Activity of crude and purified lipase preparations immobilized on various solid carriers

Exp. no. Lipase Carrier As (pkatg™t) Ay (nkatg™l)
12 Soluble crude preparation (no. 2) Cellulose octate 0.95 0.54
Cellulose palmitate 0.84 0.24
Diatomaceous earth 0.73 0.82
Octanoyl-modified glass 0.82 0.68
Octadecanoyl-modified glass 0.67 0.50
Silanized glass beads 0.11 0
Membrane-bound lipase (no. 1) 6.12 7.78
20 Purified lipase (no. 3) Soluble in water 4.22 3380.2
Soluble in benzene 69.90 534.6
Cellulose octate 96.60 0.13
Cellulose palmitate 2.67 0.06
Diatomaceous earth 176.10 0.03
Glass (all preparations) 0.05 0
Membrane-bound lipase (no. 1) 706.8 1353
4.06 7.78

a Ag: synthetic activity per 1g of the biocatalyst determined in sucrose caprylate synthesis. Reaction conditions: caprylic acid (1 mmol), and sucrose
(I mmol) in din-pentyl ether saturated with water (5ml), biocatalyst (50 mg),&0210 rpm, 10 minAy: hydrolytic activity, determined towards olive

oil emulsion Section 2.7.

b Ag: specific synthetic activity per 1g protein (or in asterisk: per 1g of mycelium), determined in propyl oleate synthesis. Reaction conditions: oleic
acid (1 mmol), and 1-propanol (1 mmol) in petroleum ether (5ml), immobilized (50 mg) or purified (0.1 mg) lipase preparati@)s1&Drpm, 20 min;

A hydrolytic activity of lipase towards glycerol trioleate.



166 M. Szezesna-Antczak et al./Journal of Molecular Catalysis B: Enzymatic 29 (2004) 163-171
90 - 40 A~

80 A

70 1
=60 -
; 50
3 40 A
30 A
20 A

%
w
S
1

N
o
1

catio

Esterif

=
o

Esterification (%)

10 —O— (1)immobilized —O— (1)immobilized
f; —8— (2)mycelium-bound —— (2)mycelium-bound

LENN B B B B B N B B B B B R B s s |
T TT T T T T T T T T T T T

109 29 49 69 89 131 09 29 49 69 89
(A log P (B) log P

Fig. 1. The effect of polarity of organic solvent on the efficiency of propyl (A) and glycerol (B) oleate synthesis, catalyzed by two lipase preparation
the mycelium-bound lipase (2) and purified lipase immobilized on diatomaceous earth (1). Reaction conditions: oleic acid (1 mmol) and alcolol (1 mmol
in petroleum ether (5ml), lipase preparations (50 mg);@0180rpm, 18h.

diatomaceous earth and that of the lipase dissolved in3D structure, which provided the highest activity in the cell

toluene, respectivelyTable J). membrane-bound form. Its isolation and immobilization on
The enzyme immobilized on hydrophobic supports dis- the carriers (even hydrophobic) resulted in conformational
played a surprisingly low activity. Guisdn et §B4] ob- changes, similar to that caused by dissolving in toljéag

served that the immobilization of some lipases, such as theand disturbed an access of the substrate to the active site,
extracellularM. javanicus lipase, on hydrophobic carriers which was closed by the lid.

with a large specific area resulted in theyper-activation.

It agreed with the hypothesis that the lipases recognize a hy-3.2. Synthetic activity of stabilized pellets of Mucor

drophobic surface as a stable interface, compatible to theirmycelium

hydrophobic region around the catalytic site in its open,

active state. Adsorption of the lipase on the support pro- Molecules of the intracellulaMucor lipase remain an-
tects the stable and highly active structure of the catalytic chored in the mycelium after extraction of acetone-soluble
site [34—36] TheMucor lipase was believed to possess the substances[13,26] This in situ immobilization was

Table 2
Comparison of ester synthesis catalyzed by the purifledircinelloides lipase immobilized on diatomaceous earth or by membrane-bound lipase
Alcohol/sugar Lipase preparation (esterification, %)
Purified, immobilized on diatomaceous earth Membrane-bound
Caprylic acid Palmitic acid Oleic acid Caprylic acid Palmitic acid Oleic acid
Ethanol 22.2 33.8 26.5 90 92 94
1-Propandt 66.4 83.5 55.1 80 83 96
38.2 432 453
1-Butanof 80.6 80.1 57.1 96 97 99
46.5 46.0 47.4
2-Pentanol 11.7 4.0 10.0 18 25 32
2-Methyl-1-butanol 11.0 11 10.6 83 88 92
2-Methyl-2-butanol 6.4 0 5.7 6 9 8
1-Hexanol 60.4 57.9 39.8 80 85 98
Glycerol 41.2 23.7 19.6 30 23 49
285 16.1 15.9
Hexadecenél 52.5 45.4 20.5 89 92 90
343 335 30.9
Benzyl 37.9 334 22.3 76 80 83
Sucrosé 211 17.3 185 78 76 79
Glucose - - - 80 77 81

Reaction conditions: acid (1 mmol), and alcohol (1 mmol) in petroleum ether (5ml), immobilized purified lipase or MBL (50 mg of ed€h)fpBy
sugar esters were synthesized aP&0in di-n-pentyl ether saturated with water); 180 rpm, 18-20h. Two grams of molecular sieve 4 A were added to

MBL-containing reaction mixtures.
a The results of ester synthesis catalyzed by the purified lipase (0.1 mg of pure protein dissolved in 5ml of toluene) are in italics. The other reaction

conditions as above.



M. Szezesna-Antczak et al./Journal of Molecular Catalysis B: Enzymatic 29 (2004) 163-171 167

exploited for production of preparations g circinelloides membrane-bouni. circinelloideslipase in a highly porous
lipase that were very active and stable in organic solvents,and mechanically durable carrier was also developed.
as described iff11,12] M. circinelloides mycelium par-

ticles displayed activities of 4+gkatg! in synthesis of 3.3. Lipase immobilization in chitosan—mycelium

sucrose caprylate and butyl oleate, carried out in-gentyl composites
and petroleum ether, respectivelfaple 1), and efficiently
catalyzed synthesis of other estefalfle 2. This MBL In earlier experiments, the membrane-bolhdcircinel-

preparation was very stable in organic solvents. However, loides lipase (powdered preparations, no. 1) was en-
centrifuging at 10000« g was necessary to separate the trapped in carragenan, silica aerogel maf#ig,28], and in
powdered form of this preparation from reaction mixture. PVA-cryogels[14,38,39] The lipase immobilized in these
Neither it could be applied as a bed for column reactor. polymers exhibited good stability and activity in hydroly-
Therefore, the lipase preparations in the form of granulated sis of triacylglycerolsp-NPA andp-NPP, and in synthesis
mycelium were obtained. After being cultivated under con- of different aliphatic alcohols esters, but their efficiency
ditions presented irBection 2.6 the Mucor pellets were in synthesis of saccharide esters was not satisfactory (the
harvested and stabilized in order to enhance their mechan-maximum yield of the reaction did not exceed 5%). There-
ical durability Section 2.§. After washing with organic  fore chitosan was tested as a potential lipase carrier. Its gel
solvent (acetone, di-pentyl and petroleum ether mixture), was formed by several methods including the cross-linking
these stabilized pellets dflucor mycelium were used for  and ionotropic gelation with GA, NaOH, TPP, and HMPP.
sucrose ester syntheskEid. 2). The immobilized preparations were used f®NPA hy-

The most efficient method for stabilization of the pellets drolysis (results not presented). The fastest method giving
containing the mycelium-linkeM. circinelloides lipase was the most active beads was found to be the phase inversion,
their treatment with GAKig. 2, Sample 3). Cross-linking of ~ coupled with ionic chitosan gel forming with polyphos-
the pellets with calcium alginate (Sample 2) and poly(vinyl phate salts. The fast gel formation caused the least enzyme
alcohol)-acetalg37] (Sample 5) decreased the yield of losses, usually observed in the first step of gelling, when
ester synthesis, presumably because these hydrophilic polythe beads are not hard enough. Furthermore, in the pres-
mers adsorbed more water. The influence of the hydrophilic ence of polyphosphates (TPP and HMPP), chitosan gel
character of PVA on the dynamics of ester synthesis by was formed at neutral pH, which protedis circinelloides
entrappedM. circinelloides lipase was discussed elsewhere lipase. More than 10 different variants of immobilization
[14]. In the presence of the molecular sieve (4A) in re- conditions were tested. Various concentrations of chitosan,
action mixture theM. circinelloides pellets cross-linked lipase (MBL, preparation no 1), PVP, TPP and HMPP were
with PVA and GA (Sample 5) revealed both high synthetic used. The enzyme loading in beads, and their operational
activity (~3.3ukatg1) and operational stabilityzq,> of stability in organic solvents were optimizedaple 3. It
170h) in the sucrose caprylate synthesis. The stabilizedwas found that the weight of wet beads derived from the
pellets of mycelium can be used as a biocatalyst in col- same volume of mycelium suspension and other reagents
umn and fluidized-bed reactors. However, the intensive depended on a gel-forming compound. The application of
agitation of the reaction mixture significantly reduced the HMPP for chitosan gel forming (Samples-WIIl, Table 3,
pellet life. Therefore the method of an entrapment of the gave hard beads with a tight structure, more mechanically

100+ ——Sample 1
o5 —O— Sample 2
- —— Sample 3
o
% 9ol —&— Sample 4
(3]
§ —o— Sample 5
o 85,
o
Q
®
L 80
P
g
5]
© 754
]
S
70 T T T 1
1 2 3 4 5
run number

Fig. 2. Synthesis of sucrose ester using pellet&/otircinelloides mycelium stabilized by different methods. Reaction conditions: wet pellets (2 g), the
weight before stabilization and dehydration, substrates (0.5 mmol of eadhyetityl ether, molecular sieve 4 A; 24 h, BD; After each run, the pellets
were washed with di+pentyl ether and used again. The beads, Samples 1-5, were prepared as desS#mibin2.6
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Table 3
The effect of the method of production ®. circinelloides lipase immobilized in chitosan beads on lipase content and the activipynitrophenyl
acetate hydrolysisAg)

Sample Gel-forming compound Content (%) Ag, p-NPA Mass of beads produced from  MBL content in

100 ml of mixture (g) beads (%, w/w)
CH MBL PVP

| 5% TPP 2.0 1.0 - 0.110 Wet beads: 29.0 35
Acetone-dehydrated: 18.2 ~5.5
Lyophilized: 2.8 ~35.0

1l 5% TPP 2.0 2.0 - 0.165 Wet beads: 29.5 6.8
Acetone-dehydrated: 21.1 ~9.5
Lyophilized: 3.6 ~57.0

1] 5% TPP 25 25 - 0.098 Wet beads: 53.5 4.7

v 5% TPP 2.5 2.5 15 0.120 Wet beads: 64.2 3.9

\% 3.5% HMPP 25 25 — 0.169 Wet beads: 16.7 15.0

\Y| 3.5% HMPP 2.5 2.5 15 0.173 Wet beads: 31.3 8.0

Vil 3.5% HMPP 4.5 45 2.7 0.179 Wet beads54.0 7.6
Acetone-dehydrated: 34.8 ~11.7
Lyophilized: 8.9 ~45.8

Vil 7% HMPP 45 4.5 2.7 0.185 Wet beads56.0 8.0

CH: chitosan Ag: expressed ingmolp-NP min~1 g~1 beads); reaction conditions: beads (10—30 mpg)PA solution (1.61 ml) in 0.05M Tris—HCI buffer
(pH 7.5) containing 2% acetonitrile, 20 min, 26.

durable than the beads cross-linked with TPP. SuccessfulSamples 1V, VIVIIl) and therefore after dehydration of
application of HMPP for chitosan gel forming was also the beads their structure became more open, and the dif-
reported by Angelova and Hunkel¢40]. PVP increased  fusion resistance was weaker (as proved by differences in

the hydrophilic character of the chitosan suppdekle 3 esterolytic activities Ag, of the biocatalysts presented in
Table 4
Production of sucrose esters by membrane-bauvndircinelloides lipase entrapped in chitosan beads
Sample of beads Lipase preparation (mg) No. of run Beads dehydrated (% of caprylic acid conversion)
With acetone By lyophilization
| 34.4 1 32.0 40.7
2 29.7 29.3
1l 67.7 1 32.0 4.7
2 35.6 62.7
1] 100.0 1 255 -
\Y 100.0 1 26.2 -
\% 100.0 1 39.3 -
\| 100.0 1 37.4 -
VIl (a)® 107.0 1 60.6 77.4
2 59.5 68.6
3 56.3 54.5
4 46.4 46.1
VIl (b)© 110.0 1 58.3 75.8
2 56.3 84.8
3 45.8 76.8
4 33.9 64.3
Vil 20.0 1* 323 -
2* 31.9 -
3 38.1 -
60.0 iy 75.3 -
2* 74.4 -
3 76.0 -

Reaction conditions: sucrose and caprylic acid (0.5 mmol of each);péintyl ether (1.5ml), petroleum ether (1.0ml) (or in no. of runs indicated by
asterisk: din-pentyl ether, 2.5ml), beads of the biocatalysts (dried with acetone or lyophilized), 248, Bdter each cycle of the reaction the beads
were washed with the same mixture of organic solvents, which was used as the reaction medium.

a8 Numbers of samples as und&able 3

b The average bead diameter of 3-4 mm and weight of approximately 25mg.

¢ The average bead diameter of 2mm and weight of approximately 11 mg.
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Fig. 3. The dynamics of sucrose ester synthesis in successive cycles of the process catalyzeiddiyelloides lipase immobilized in chitosan. Reaction
conditions: sucrose and caprylic acid (0.5 mmol of each) im-gentyl ether (1.5ml) and petroleum ether (1.0 ml), chitosan beads dried with acetone
(Sample VI, Table 3 containing 33 mg of membrane-bound lipase, 24 i, GO0After each cycle the beads were washed with the same solvent as applied
for the reaction.

Table 3). The maximal MBL loading in chitosan beads can approximately 0.2 in the first run to Oykat g~ in the next
exceed 45% (lyophilized beads, Sample Miable 3. Fur- runs.

ther increase in MBL content in the beads excluded their M. circinelloides lipase displayed the highest activity in
ionotropic gelling. sucrose ester synthesis in a mixture ohgpentyl ether and
Water presentin the beads should be removed prior to theirpetroleum ether (3:2). The latter compound was found to
application for synthetic reactions, particularly in the case of protect the enzyme activity at 10C [12]. The lipase en-
hydrophilic polymer matrice§41,42] Chitosan gel can be  trapped in chitosan beads displayed higher effectiveness in
dehydrated with acetone (dried by using the molecular sieve) sucrose caprylate synthesis in this mixture of ethers than in
or by lyophilization. These operations decreased the beadpure din-pentyl ether but it was less stable in this medium
weight by 30-40 and 91-83%, respectively. The lyophilized (Fig. 4). High productivity of this ester synthesis required
beads had smaller size, whereas those dehydrated with acesufficient amount of the MBL entrapped in chitosan beads
tone had unchanged dimensions. The beads dehydrated bymore than 100 mg in the reaction mixtur&)d. 4, Table 4.
using these two methods contained different amounts of wa-  Because chitosan beads can be easily harvested from the

ter, and probably had different internal structure. reaction mixture and used many times, the overall yield of
The samples of different MBL—chitosan beads were em-

ployed for sucrose caprylate synthesialfle 4. High de-

gree of caprylic acid conversion was achieved when beads 90- "

were formed from the mixture containing 4.5% of MBL and o 801 T7 % O 1st run

4.5% chitosan. The yield of sucrose caprylate synthesis was Té 704 [ | . _Ef O2nd run

78% of that of the reaction catalyzed by MBL preparation, 2 60 : 1 B 3rd run B
but due to diffusion resistance, the reaction rate was lower 2 .| . j}

and during the first 4—6 h only half of the maximum ester = 20. A

synthesis yield was achieveBig. 3). The rates of reaction &

catalyzed by the lipase stabilized in pellets of mycelium E; 301

and by the MBL preparation were higher. In this latter case, § 207

as much as approximately 95% of the product were synthe- 101

sized for 2—6 h (dependently on synthesis conditidr8j). 0 - - - .
The application of the lyophilized MBL—chitosan beads 150mg  72.5mg  40.5mg  32.5mg

brought about the higher synthesis yields in the initial pro- rig. 4. The effect of the lipase content and reaction conditions on the
cess runs, as compared to the acetone-dehydrated beads gfld of sucrose ester synthesis in the repeated-batch process, catalyzed
this polymer. However, the activity of the former biocata- by lipase immobilized in chitosan beads. Reaction conditions: sucrose
lyst was significantly decreased after the first process cycle,2"d caprylic acid (0.5mmol of each) in dipentyl ether (2.5ml) (A)

. . or in di-n-pentyl ether (1.5ml) and petroleum ether (1.0ml) (B), the
whereas the latter one d'Splayed the better operatlonal Sta'Iipase-containing chitosan beads dried with acetone (SampleTeble

bility. The profiles of caprylic acid depletion are shown in  3) 24h, 50°C. After each cycle the beads were washed with the solvent
Fig. 3. Synthetic activity of the chitosan beads rose from applied as the reaction medium.
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ester synthesis is increased and the costs of this biocatain organic solvents, chitosan—-HMPP gels seem to be better
lyst application are reduced. Chitosan beads were chemi-candidates for immobilization of lipases than chitosan-TPP
cally and mechanically durable and did not shrink in organic and PVA-cryogels, and gels of other polysaccharides, such
solvents, usually used for ester synthesis. Their destructionas alginate and carrageenan.

was not observed after several hundred hours of application

at 50°C and agitation (at 180—220 rpm). This high stability

of the ionotropically cross-linked chitosan beads, containing Acknowledgements

approximately 50% powderelflucor mycelium, suggests
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the M. circinelloides lipase was anchored. This tight associ-
ation with matrix protects the lipase from leakage, observed
in the case of immobilization ofandida rugosa lipase in

chitosan gels cross-linked with TH#4,45] References
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