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Preparation and application of nanosized zeolite as a carrier for a lipolytic enzyme
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Porous inorganic materials have been extensively applied as enzyme carriers due to their high mechanic stability and
high specific surface area, resistance to microbial attack, stability in organic solvents, and stability upon heating. In
recent years, enzymes immobilised on nanosized materials have attracted scientist attention with regard to new
emerging applications such as biosensing and medical diagnostics. This research aims to investigate the potential of a
nanosized and mostly mesoporous zeolite (nano-Zeo) as a suitable carrier for lipase from porcine pancreas (PPL). For
comparative purpose, a hanosized MCM-41 silica material with spherical morphology was studied. The latter was used
as a starting material to prepare the nanosized zeolite by densification of the initial amorphous MCM-41 silica
nanospheres in presence of a diluted solution of tetrapropylammonium hydroxide, the nanospheres being further
transformed into MFI-type of zeolite via steam-assisted crystallisation. Both the starting material and the nano-Zeo
particles were characterised by means of X-ray diffraction, nitrogen physisorption, and scanning electron microscopy
techniques. Loaded protein amount was comparable for the two carriers: 64.0+2.3 and 80.4+3.4 mg/g for MCM-41 and
nano-Zeo, respectively. However, nano-Zeo showed over twofold higher specific loading with regard to the mesoporous
specific surface area of the studied materials. Besides, monolayer surface distribution and a higher specific lipase
activity were estimated for the nano-Zeo-PPL preparation, which is probably due to lipase molecules attached in a

proper orientation.
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INTRODUCTION

Lipases are industrially applied enzymes in lipid
modification, esterification, resolution of racemic
mixtures, epoxidation, and other processes [1]. How-
ever, they find a limited application due to their high
price and low stability under harsh process condi-
tions (presence of detergents, solvents, substrate or
product inhibition, high temperatures and low pres-
sures) [2]. On the other hand, adsorption or depo-
sition of the enzymes onto a porous support has
proved to be a useful technique for improving their
activity and stability [3]. Immobilisation facilitates
enzyme recovery from the reaction mixture and
allows multiple usages without a significant loss of
activity, which makes the process cost-effective. In
addition, enzymes immobilised on solid supports
have many advantages over their free counterparts,
namely, continuous performance and rapid termina-
tion of enzymatic reactions, controlled product for-
mation, and easy enzyme removal from the reaction
mixture. Compared with polymeric materials inor-
ganic enzyme carriers are structurally more stable,
environmentally tolerable, and resistant to organic
solvents and microbial attack [4]. Besides, in recent
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years, enzymes immobilised on nanosized materials
have attracted attention with regard to new emerging
applications such as biosensing and medical dia-
gnostics [5].

The present study aims to investigate the poten-
tial of a nanosized and mostly mesoporous zeolite
(nano-Zeo) as a suitable carrier for lipase from por-
cine pancreas. For comparative purpose a nano-
sized MCM-41 silica material with spherical mor-
phology was studied, which was used as a starting
material to prepare the nanosized zeolite. This is a
new idea that utilises a simple procedure to prepare
zeolites with nano dimensions by transforming
already pre-prepared and geometrically well-defined
amorphous silica particles into crystalline entities of
similar shape, diminished size, and increased den-
sity [6]. Both initial MCM-41 and nano-Zeo mate-
rials were characterised by X-ray diffraction, nitro-
gen physisorption, and scanning electron micro-
scopy techniques. The activity of the immobilised
preparations was estimated using 4-nirophenyl pal-
mitate as a substrate.

EXPERIMENTAL
Materials

Nano-Zeo material was synthesised by a two-
step procedure. In the first step, MCM-41 silica with
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spherical morphology was synthesised using TEOS
as a silica source and hexadecyltrimethylammonium
bromide as a structure-directing reagent [7]. Then,
in the second step, the obtained MCM-41 spheres
were treated with a dilute solution of tetrapropyl-
ammonium hydroxide and densified for 24 h at 383 K
via a steam-assisted crystallisation under hydro-
thermal conditions [6]. Lipase from porcine pan-
creas (15-30 U/mg, 20% protein content) from
Sigma was used to assess protein absorption capa-
city of the novel zeolitic material and the initial
MCM-41 silica nanospheres.

Methods of characterization

Both the starting MCM-41 silica and the nano-
Zeo material were characterised by X-ray diffrac-
tion, nitrogen physisorption, and scanning electron
microscopy techniques. Powder X-ray diffraction
patterns were collected on a Bruker D8 Advance
diffractometer equipped with Cu Ko radiation and
LynxEye detector. Nitrogen sorption measurements
were recorded on Quantachrome NOVA 1200e and
Quantachrome Autosorb iQ MP instruments at 77
K. Before physisorption measurements, the samples
were outgassed overnight at 423 K under vacuum.
Pore size distributions and pore diameters were cal-
culated by non-local density functional theory
(NLDFT). Scanning electron microscopy (SEM)
images were obtained with FEI Quanta FEG 250
and JEOL-JSM-6390 scanning electron micro-
scopes. Lipase from porcine pancreas was immo-
bilised via physical adsorption. In a typical pro-
cedure, 20 mg of the carriers were gently shaken
with 1 mL of PPL (1-20 mg/ml) dissolved in
sodium phosphate buffer (pH 7.0) After 12 h in-
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cubation, the immobilised preparations were filtered,
washed twice with 0.5 ml of sodium phosphate
buffer, freeze dried, and their activity was tested in
assay reaction. Protein content in the initial PPL
solutions and in the supernatant after immobi-
lisation was estimated using Lowry’s method [8].
For both materials, the absorption capacity (1) and
the immobilisation yield (2) were determined fol-
lowing the equations:

Absorption capacity = % V, my/Qcarier (1)
Immobilisation yield = ="2100, 05 )

where C, and C; are the initial and final concen-
tration of the protein in the solutions in mg/ml,
respectively, V is the volume of the loading enzyme
solution in mL, and m is carrier weight.

The activity of the immobilised preparations was
estimated using 4-nirophenyl palmitate as a sub-
strate. One unit is the amount of protein, which
catalyses the conversion of 1 uM substrate for 1
minute at 25 °C.

RESULTS AND DISCUSSION

X-ray diffraction (XRD) technique was applied
to determine sample mesoporous ordering, crystal-
linity, and phase composition (Fig. 1). Small angle
X-ray diffraction patterns of the calcined materials
are presented in Fig. 1a. A MCM-41 sample shows
one main reflection (100) at 2.64 26 and two small
reflections with maxima at 4.64 and 5.28 20, res-
pectively, arising from quasi-regular long-range
hexagonal arrangement of the obtained mesopores
that are characteristic of the MCM-41 structure.
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Fig. 1. XRD patterns of the studied samples.
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At the same time, the pattern of the nano-Zeo  the nano-Zeo sample is also of type IV that is
sample displays no reflections of the initial MCM-  characteristic of mesoporous materials (Figure 2a).
41 material to indicate transformation of the latter.  Yet, a much broader adsorption/desorption step
However, two new reflections are observed at about  within 0.5-0.9 relative pressure was registered for
7.9 and 8.8 20 (Fig. 1a). Further information about  this sample accompanied by a hysteresis loop most
the newly found structure was obtained from wide-  probably owing to interparticle mesoporosity (Fig.
angle XRD pattern of the nano-Zeo sample (Fig.  2a). Besides, the nano-Zeo material loses part of the
1b). The observed reflections are characteristic of a  very high specific surface area of the initial MCM-
MFI zeolite structure [6]. Hence, a complete trans- 41 sample at the expense of the appearance of
formation of the initial amorphous MCM-41 silica  certain microporosity (270 m?g), however, the
material into a crystalline MFI-type zeolite was  mesopore volume increases to 0.68 cm*/g due to the
realised. To follow changes of the textural char-  presence of very broad pore size distribution and
acteristics of both studied samples two additional — much larger mesopores (Fig. 2b, Table 1). At the
techniques were used: nitrogen physic-sorption and  same time, the SEM image proves preservation of
scanning electron microscopy (Figs. 2 and 3). the spherical morphology accompanied by some
Besides, some physicochemical characteristics of  size reduction phenomena as expected during
the obtained samples are presented in Table 1. transformation from amorphous to crystalline phase

Data on nitrogen physisorption measurements of  (Fig. 3). However, larger spherical particles are also
the studied samples are displayed in Fig. 2 and  found with the nano-Zeo sample that we ascribe to
Table 1. The initial MCM-41 sample manifests a  agglomeration of some initial MCM-41 spherical
typical isotherm that is characteristic of this type of  particles during transformation (Fig. 3).
mesoporous silica materials with a narrow adsorp- 1,3-specific lipase from porcine pancreas was
tion/desorption step within 0.2-0.3 relative pressure  selected to evaluate the absorption capacity of the
(Fig. 2a). It is characterised by a high specific sur-  two silica supports. Industrial application of this
face area (985 m?/g), total pore volume of 0.47 enzyme is limited due to its lability in organic
cm®/g, and narrow pore size distribution with main  solvents and upon heating above 45°C; therefore,
pore diameter of 2.9 nm (Fig. 2 and Table 1). methods for PPL stabilisation are of current research

SEM analysis showed that this material is interest. The enzyme structure is compact with
composed of well-defined spherical nanoparticles of  dimensions ca. 4.6x2.6x1.1 nm®, and earlier studies
relatively equal size, most of which are in the range by other authors have shown that pore size is one of
of 400-600 nm (Fig. 3). However, after steam- the major factors that should be considered upon
assisted crystallisation certain changes occurred  selection or design of the excellent enzyme supports
with the MCM-41 starting material. The isotherm of  [9].

Table 1. Textural characteristics of the obtained materials

Sample SBET:a Vtotalvc Smicro,b Vmicrchd dDFT,e DSEM:f
m?/g cclg m?/g cclg nm nm
nano-Zeo 728 0.80 270 0.12 2.3;4.5;10.5 200-800
MCM-41 985 0.47 - - 2.9 400-600

a - BET specific surface area; b - Micropore surface area by t-method; ¢ - Total pore volume; d - Micropore volume by t-method; e - Main pore
diameter evaluated using NLDFT method, f - Particle sizes evaluated by SEM analysis.
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Fig. 2. Nitrogen adsorption/desorption isotherms (a) and pore size distribution (b) of the studied samples.
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Fig. 3. SEM images of MCM-41 (left) and nano-Zeo (right) samples.

Table 2. Amount of the immobilised porcine pancreas lipase on the two supports and biocatalyst activity

samole Absorption capacity, Specific capacity?, Specific activity, Immobilization yield,
P mg prot./g carrier mg prot./m? carrier U/mg prot. %
MCM-41 64.0+2.3 0.065 170 32
nano-Zeo 80.4+34 0.176 238 40

2 To estimate the specific capacity the absorption capacity of the carrier was divided by its specific surface area (M%/gearier)-

The absorption capacity of the two carriers is
given in Table 2. Novel nano-Zeo proves to be a
1.25-times more efficient support than the MCM-41
precursor, most probably due to higher porosity and
larger pore sizes. The two carriers were less efficient
as compared to literature data on PPL adsorption on
SBA-15 for which enzyme loading was between
100 and 920 mg enzyme per gram carrier regarding
carrier textural characteristics and reaction condi-
tions [10,11]. However, a monolayer deposition of
the PPL on nano-Zeo and MCM-41 was observed,
which resulted in a preserved (or even enhanced)
lipolytic activity of the nano-Zeo-PPL and MCM-
41-PPL in comparison with the free enzyme.

MCM-41-PPL and nano-Zeo-PPL were examined
in the reaction of 4-nitrophenyl palmitate hydro-
lysis. Tested in several consecutive cycles, a fast
drop of activity was observed even after the first
cycle with the two immobilised preparations, which
is due to enzyme leakage or desorption in the aque-
ous medium (Fig. 4). Functionalisation of the sup-
ports and subsequent covalent bonding of the PPL
or application of these biocatalysts in esterification
reactions in non-solvent or organic media could be a
possible solution to enhance enzyme performance.

CONCLUSIONS

Nanosized zeolite material with MFI structure
and spherical morphology was successfully synthe-
sised from MCM-41 mesoporous spheres via a
steam-assisted crystallisation under hydrothermal
conditions at 383 K. The novel zeolite material
exhibited high specific surface area and high total
pore volume due mainly to very high mesoporosity

characterized by broad mesopore size distribution
and high amount of mesopores. Over twofold higher
adsorption capacity for lipolytic enzyme from
porcine pancreas was found with the novel nano-
sized zeolite in comparison with the initial MCM-41
material regarding the specific mesoporous surface
area of both carriers. A higher adsorption capacity
and monolayer surface distribution and a higher
specific lipase activity was also estimated for the
nano-Zeo-PPL preparation, which is probably due to
lipase molecules attached in suitable orientation.
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Fig. 4. Relative activity of MCM-41-PPL and nano-Zeo-
PPL in the assay reaction of hydrolysis of 4-
nitrophenylpalmitate.
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[MOJIVUABAHE U IMTPMJIOXKEHUE HA HAHOPA3MEPEH 3EOJIMT KATO HOCUTEJI 3A JIMITA3A
M. /1. Jumurpos, M. I'yuuesa'*, JI. I'. Kopauesa®

Y Unemumym no opeanuuna xumus ¢ Llenmvp no gumoxumus, BAH, 1113 Copus, Bvncapus
2 Hnemumym no obwa u neopeanuuna xumus, bAH, 1113 Coghus, bvreapus

IMocternuna Ha 7 ¢epyapu 2018 r.; IIpepaborena na 20 mapt 2018 .
(Pestome)

INopecTuTe HEOpraHMYHU MaTepUalld CE€ IpUIAraT IIUPOKO KATO HOCUTENW HA €H3MMH, MOpPaJH TSIXHATa BUCOKA
MEXaHWYHa CTAOMJIIHOCT M BHCOKa ClielU(UYHA MOBBPXHOCT, YCTOWYMBOCT Ha MHKpoOmaiHa araka, cTaOMIHOCT B
OpPraHWYHUTE Pa3TBOPUTENM W CTAOMIHOCT NpH HarpsiBaHe. IIpe3 mocieqHnTEe TOOWHU SH3WMHTE, MMOOMIM3HPaHU
BBbpPXY HaHOpa3MEpPHH MaTepHald, ca aTPaKTUBHM OOEKTH 3a M3CIe/[BaHE OPaaAN pa3IIUpsSBAaHETO HA 00JacTTa UM Ha
MIPWIIOKEHNE, HAITPUMEpP KaTo OMOCEH30pH MIIN B MEUIIMHCKATA JUATHOCTHKA.

Hacrosmoro uscnensane e GokycupaHo BbpXy NpOydYBaHE Ha MOTEHIMAJa Ha HAHOPa3MEpeH M NpeolI1aaaBalio
ME30TI0PEeCT 3e0NuT (nano-Zeo) KaTo MOAXOAIl HOCHUTEN 3a juma3za oT cBuHCKM maHkpeac (PPL). 3a cpaBHeHue
MPOBEJOXME EKCIIEPUMEHTH U ¢ HaHopa3MepeH MCM-41 cunukat cbe chepruuna MOpGOIIoTus Ha YaCTUIIMTE, KOUTO €
M3XO0JIEH MaTepual 3a MoJlydaBaHe Ha HAHOPA3MEPHUS 3€0JUT MOCPEICTBOM MPOIEC HA “YITbTHSIBaHE Ha M3XOJHUTE
amopbarn MCM-41 HaHOYACTHIIM B IMPHCHCTBHETO HA pa3pelieH pa3TBOP HAa TETPAIPONMIAMOHHMEB XHUIPOKCHI U
HIOCJIEABAIIOTO UM MpeBpbliaHe B 3¢0auT Tunl MFI upe3 kpucranusanus B IpUChCTBUE Ha BOAHA napa. Martepuanure
ca OXapaKTepu3UpaHu ¢ MOMOLITA Ha peHTreHoBa Audpakuus, GusnyHa agcopOIMs Ha a30T U CKaHUPAIlA eJIEKTPOHHA
MHKpocKomnusi. KosmuecTBOTO Ha HATOBApEHUs NMPOTEHH € ChHU3MEPHMO 3a J[BaTa HOCHUTENS M € ChoTBeTHO 64,0 + 2,3
mg/g 3a MCM-41 un 80,4 + 3,4 mg/g 3a nano-Zeo. CtpyBa Jja ce 0TOeNexH, Ye HAaHO3EOJIUTHT MIOKa3Ba MOBeYe OT J[Ba
IBTH TO-TOJSIMO CIIEIM(UYHO HATOBapBaHE IO OTHOIICHHWE Ha ME30IlopecTaTa IOBBPXHOCT Ha H3CIICIBAHHUTE
Mmarepuanu. OcBeH TOBa, 3a Nano-Zeo-PPL 6sixa oTyeTeHH MOHOCIIOMHO MOBBPXHOCTHO pa3lpesielieHHe U 10-BHCOKa
crenuduIHa XUAPOIUTHYHA aKTHBHOCT, KOETO BEPOATHO CE ABIDKHM Ha 3aKPENBAHETO Ha JIMIIA3HUTE MOJIEKYJIH B II0-
MTOIXO/IAIIA OPUESHTAITHS 32 TO3H HOCHUTEI.
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