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ABSTRACT

Immobilized magnetic nanolipase (MNL) prepared in our lab was employed
to catalyze ring-open polymerization of g-caprolactone. The commercial
immobilized lipase, Novozym435, was used as biocatalyst as comparison
for the same reaction. Effects of solvent, substrate concentration,
temperature, reaction time were investigated. The results showed the
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conversion of g-caprolactone catalyzed by MNL was similar to that of
Novozymd435. And both immobilized lipase had similar thermal stability.
The pH stability of MNL was much higher than that of Novozym435. These
results suggest that MNL could be good candidate for enzymatic

polymerization in the industry.

INTRODUCTION

Free enzymesnormally are produced from bacte-
ria, fungi, plant or aminma, and exist asliquid solution.
Itisnot economicto employ freeenzymesfor biocatd ytic
reactions becausethey have bad stability and can not
bereused. In order to improvethe stability and reus-
ability of enzymes, immobilizationisthefirst option be-
cause stabl e biocatalyst can be achieved by thetech-
nique.

Lipase (EC 3.1.1.3), known astriacylglycerol es-
ter hydrolase, hasmany industrial applicationssuchas
resol ution of racemic mixtures*2, synthesisof drugsand
pharmaceutical intermediates’®®, production of
biodiesd®, hydrolysisof lipid”. Because of theversa-
tile properties, lipase has been widely used in deter-
gent, pharmaceutic, | eather, textile, cosmetic, and pa
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per industries®. Among these applications, the most
interesting oneisthe enzymetic polymerization because
lipases are powerful catalystsfor the preparation of
polyesters, polycarbonates, and even polythioestersand
polyamides¥. Sameastheother enzymatic catays's, it
isenvironmentally benign, and lipase-catal yzed poly-
merization d o hastheadvantagesinc uding stereochem-
istry, regioselectivity, and chemosel ectivity!®. The
bottleneck of enzymatic processisthehigh cost of en-
zyme. Soin order to lower the application cost of li-
pase, immobili zation hasbeen studiedin many research
groupsto obtain stableimmobilized biocatayst inthe
past few years. In our previous work, magnetic
nanopliase was prepared by immobilization onto
Fe,0,@S O, nanoparticles, and stable MNL was ob-
tained*.

In the present research, we employed magnetic
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nanolipase (MNL) prepared with the previous method
to catalyzed ring-open polymerization of e-
caprolactoneto explorethe possibleindustria applica
tions of the nanopliase. For comparison, the commer-
cid immobilized lipase, Novozym 435, was empl oyed
to catalyze thereactionsat thesametime.

EXPERIMENTAL

Chemicals

Free enzyme was purchased from Imperial Jade
Bio-Technology Co. Ltd (Lanzhou, China). Novozym
435 was obtained from Novo Nordisk (Guangzhou,
China). e-caprolactone was from Aladdin-reagent
(Shanghai, China) and p-Nitrophenyl palmitate was
obtained from Sigma-Aldrich (St. Louis, MO, USA).
All other chemicalswerefrom Sinopharm Chemical
Reagent Co. Ltd (Shanghai, China) and were analyti-
ca or biologicd grade.

Enzymeand analysis

Immobilized MNL was prepared according to the
previousreport with somemodificationd™. Typicaly,
thed dehyde-functiondlized Fe,0,@S O, nanoparticles
were suspended in 0.3 ml of theenzyme solution (0.39
mg mi-t) and mixedwell at 10°C, pH 6.0. After 24 h of
incubation, theimmobilized MNL wasthenfiltered and
washed 5 timeswith thepH 7.0 50 mmol -1 PBS.

Lipase activity was determined asthepreviousre-
port with slight modification. Dissolve 0.5 g of p-
Nitrophenyl palmitate (pNPP) in 100 ml of ethanol as
the substrateto determinelipase activity. During the
reaction, therelease of p-Nitrophenol leadsto thein-
creasein absorbance at 410 nm which could be mea-
sured spectrophotometrically. About 20 mg of immo-
bilized lipasewas added to amixture of 0.04 ml of 5
mmol -1 pNPP solutionsand 0.4 ml of 0.05m phos-
phate buffer (PBS, pH 9.0) and incubated for 5 min at
45°C. The mixturewas centrifuged for 10 min (10,000
rpm) to terminate the reaction. Diluted 0.5 ml of the
supernatant 10-foldswith distilled water, and measured
at 410 nm in a spectrophotometer (UV-2450/2550,
Shimadzu, Japan). Oneunit (U) of enzymeactivity was
defined asthe amount of enzymewhich catalyzed the
production of 1 mmol p-Nitrophenol per minute under
theexperimental conditions.

Enzymatic catalyzed ring-open polymerization of
g-caprolactone

Added 2 ml g-caprolactoneinto a10 ml solvent
(acetone, toluene, tetrahydrofuran, dichloromethane,
chloroform, n-Hexane) in a50 ml flask, then 50 mg
immobilized lipase was added into theflask. The N,
wasinjected inthereaction system to exhaust the air.
Thentheflask was sedl ed with aseptum and incubated
at 60°C in awater bath shaker to start the reaction.
The sampleswere subjected to agas chromatography
(4890D, Agilent) to measure the concentration of &-
caprolactone and the conversion of thereaction could
be calculated. All the experimentswererepeated three
times and the average conversions were obtained as
thefinal data.

Thefactorsincluding substrate concentration, tem-
peraure, reectiontimeand wereinvestigated to achieved
the highest convers on of e-caprolactone. Inthe present
work, substrate concentration was changed from 9.1-
50% (v/v); and temperature ranged from 30 to 70°C;
and reaction timewas studied from6hto 48 h.

Thermal and pH stability of immobilized lipase

Thethermal stability of theimmobilized lipasewas
checked a 60°C. Theimmohilized lipasewasincubated
at 60°C and subjected for measure of relative activity
at certainintervals. The pH stability wasinvestigated
amilar tothethermd gtability. Theimmobilized enzyme
was incubated at different pH buffers (pH 8-12) at
60°C, and the sampleswere subjected to enzyme as-
say, thentherelative activity was cal cul ated.

RESULTSAND DISCUSSIONS

Effect of solvent on the polymerization

Although lipasesfrom various sources have been
used for ring-open polymerization, the preferred lipase
isstill Novozymd435%3, Thus Novo435 was used as
the standard for comparison. Firstly, effect of solvent
on the enzymatic polymerization wasinvestigated. Six
solvents including acetone, tetrahydrofuran,
dichloromethane, chloroform, toluene and n-hexane
were chosen as the solvent for enzymatic ring-open
polymerization of e-caprolactone. AsshowninFigure
1, bothimmobilized lipase had good performancein
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toluene and n-hexane. Compared with Novozym435,
the MNL preparedin our lab hasgood catalytic prop-
ertiesfor polymerization. Thereisno much difference
when thereaction was performed in the sameorganic
solvent and the difference between the conversonswas
lessthan 10%. The high conversionscould beachieved
in hydrophobic solvent. On the contrary, the conver-
sion was low in hydrophilic solvents. When
Novozym435 was employed asthe catalyst, n-hexane
wasthebest solvent and the conversion reached 77.2%
although thereisonly 3% higher than that in toluene.
Thehighest convers onwasachieved with 80.9% when
MNL was used asthe catalyst. It ismuch higher than
18% of PHB-depolymerasd'¥. Thepreviousreported
that conversion of e-caprolactonewas around 80%0/%5.
Inorder to explorethe possibleindustrial applications
of MNL, toluenewas chosen asthe solvent for theen-

Zzymatic ring-open polymerization.
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Figurel: Effect of solvent onthepolymerization

Effect of substrateconcentration on thepolymer-
ization

Substrate concentration isthe essentia factor influ-
encetheenzymatic process*®l. Thesubstrate concen-
tration of e-caprolactonewasvaried from 9.1-50% as
showninFigure2. For MNL, thehighest conversion of
78% was obtai ned when the substrate concentration
was 16.7%. It was 80% when Novozym435 wasthe
catalyst at 28.6% substrate concentration. It could con-
cludethat the commercia immobilized lipase hasthe
better substrate tolerance than MNL. The reason at-
tributed to themagnetism of the MNL becauseitiseasy

to aggregate and result substrate diffusion limitation
compared to non-magnetic enzyme*”). However, the
magnetism of MNL leadsto the easy recovery*®. And
thereislessthan 10% conversion between thesetwo

immohilizedlipase.
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Figure?2: Effect of substrate concentration on the polymer -
ization
Effect of temperatureon thepolymerization

Optimal temperatureisimportant for enzymatic
catalysig'¥. Figure 3 showsthe effect of temperature
on theconversion of e-caprolactonein thetoluene. The
tendency issamewhen Novozym435 and MNL were
used for polymerization separately. The highest con-
versions, achieved at 60°C, were 78% and 70% for
Novozym435 and MNL, respectively. Whentempera:
turewasincreased to 70°C, MNL showed about 8%
higher conversion than that of Novozym435. It indi-
cated that MNL has better catalytic efficiency than
Novozymd435 at high temperature. Theresultsare con-
sistent with the previousreport that the polymerization
temperature had littleinfluence on the polymerisation®.

Time cour seof thepolymerization

Thetime coursesof enzymeatic ring-open polymer-
ization of -caprolactonewith MNL and Novozym435
aresmilar (Figure4). The conversionsreached higher
than 75% after 12 h reaction, and then therewere no
much changesuntil 36 h. Theresultssuggested that MNL
hassimilar productivity for ring-open polymerization of
g-caprol actone, and probably could be used for other
polymerizationreactions.
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Figure3: Effect of temperatur eon the polymerization
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Figure4: Effect of reaction timeon the polymerization

Thermal and pH stability of MNL and
Novozym435

Stability of immobilized enzymeisthecrucia prop-
erty for industrial application?Y. In order to check the
pH stability of MNL, it wasincubated in different pH
buffersfor 3 h. Itiseasy tofind that MNL had much
higher rdativeactivity than that of Novozym435inFg-
ure5A. At pH 8-9, MNL showed similar stability to
Novozym435. When pH wasincreased to 10, it dis-
played 12% relative activity higher than that of
Novozym435. Especidly at pH 12, therdativeactivity
of MNL was 2-fold higher than that of Novozym435.
Figure 5B showed thethermal stability at 60°C at pH
8.0. Both enzymesremained morethan 80% rel ative
activity after 4 hincubation, and remained morethan
65% relativeactivity even after 8 hincubation. All these
resultsindicated that MNL hasbetter stability than the
commercial Novozym435.
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Figure5: Effect of pH (A) and temperature(B) on thestability
of immobilized lipase

CONCLUSIONS

Insummary, theimmobilized magnetic nanolipase
(MNL) wasemployed to catal yze ring-open polymer-
ization of e-caprolactone and commercia lipase
(Novozym435) was used as comparison. Effects of
solvent, substrate concentration, temperature, and re-
actiontimewereinvestigated. Theresultsshowed that
MNL displayed similar cataytic performance to
Novozym435. However, MNL had much higher sta-
bility than Novozymd435, especialy when pH ishigher
than 10. ThusMNL could be used asastabl e biocata-
lyst for synthesisof polymers.
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