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Hybrid materials parameters influencing the enzyme activity of immobilized cells
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Hybrid materials, synthesized by the sol-gel method, were used as matrices for immobilization of bacterial
cells, producers of the enzyme nitrilase. Different methods were employed for structure investigations of the
synthesized hybrids: Fourier transform infrared spectroscopy (FT-IR), BET and atomic force microscopy (AFM). The
influence of the structure of these materials on their properties was followed. The obtained hybrid materials were
successfully applied for immobilization of live bacterial cells since cell vitality was kept and enzyme systems preserved
their functions in the immobilized systems. The influence of different parameters during the cell immobilization
procedure was evaluated for optimization of the immobilization process and enhancement of the activity of the studied
enzyme. Most favorable effect on Bacillus sp. cells had the matrix with 5 wt. % sepharose and the enzyme activity
obtained was 0.45 U ml"! when the process was carried out at 60°C. Increased specific surface area of the matrix was
another factor that led to enhanced nitrilase activity.
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INTRODUCTION

Inorganic-organic hybrids, synthesized by the
sol-gel method, are a remarkable group of
amorphous nanocomposites, investigated for
application in biotechnology, medicine and other
areas due to their mechanical, optical, structural and
thermal properties, as a result of combining silicon
chemistry with life sciences [1-2]. Such hybrid
materials are promising for applications as
biocatalysts by immobilization of different
biomolecules [3-4]. These biocatalysts are expected
to reduce the energy expenses and their

showing their potential in the synthetic biocatalysis,
as well as in bioremediation processes, degrading a
broad spectrum of toxic substrates [10].

In this work we report on the influence of
temperature, type and quantity of organic material
included in the matrix and specific surface area of
the hybrid materials on the enzyme activity during
the immobilization of the moderate thermophilic
strain Bacillus sp. UG-5B.

EXPERIMENTAL

Hybrid materials preparation and characterization

employment could lower pollutants dissemination
in the environment [5-6]. Nitrilases (EC.3.5.5.1) are
the enzymes that convert nitriles to the
corresponding acid and ammonia. Nitrilases are
thiol enzymes that perform an array of carbon-
nitrogen bond hydrolysis and condensation
reactions [7]. Enzymes degrading nitriles can be
found in many microorganisms [8]. Their high
chemical specificity makes them attractive versatile
biocatalysts [9]. Nitrile-converting enzymes are
becoming commonplace in the synthesis of
pharmaceuticals and commodity chemicals,

* To whom all correspondence should be sent:
E-mail: georgi chernev@yahoo.com

50

The silica hybrids were prepared by the sol-gel
method at room temperature. Silica precursor
tetraethylortosilicate ~ (TEOS)  (Sigma-Aldrich,
reagent grade >98%, formula weight 208.33 g/mol)
was pre-hydrolyzed with H>O wusing a small
quantity of hydrochloric acid as a catalyst. The
molar ratio between TEOS:H,0:C,HsOH:HCI was
(v/v) 1:2:8:1x103. The content of silica was kept
constant and hybrids containing from 5 to 40 wt.%
organic part (lactic acid (Sigma-Aldrich, natural
>85%,FG, formula weight 90.08 g/mol) or
sepharose 4B (Sigma-Aldrich, exclusion limit
60,000 for proteins, 30,000 for dextrans) and
combination of poly(ethylene oxide) (Sigma-
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Aldrich, average M, 100,000, viscosity 12-50 cP,
5% in H,O (25 °C, Brookfield) (lit.)) and agar
(Sigma-Aldrich, Type A)) added to SiO, were
prepared. After gelation, the samples were dried at
room temperature. The main steps of the
entrapment procedure were previously described
[11]. The structure of the synthesized materials was
studied wusing Fourier transform infrared
spectroscopy (FT-IR), BET and atomic force
microscopy (AFM).

Strain and medium

The bacterial strain involved was Bacillus sp.
UG-5B (Ne 8021) deposited in the National Bank
for Industrial Microorganisms and Cell Cultures,
Bulgaria. The medium for cultivation contained
(g/D): KoHPO4 2.0; NaCl 1.0; MgS0O4 0.01; FeSO4 x
7H.O 0.02; biotin 2.9 x103; thiamine, 0.004;
inositol 0.002 and benzonitrile (20 mM), pH 7.2.
The nitrilase activity assay was realized by
measuring the ammonia released, following the
phenol-hypochloride method of Fawcett and Scott
[12]. One enzyme unit is defined as the amount of
enzyme producing 1 pmol ammonia min! at pH
7.2, 45 °C and 20 mM benzonitrile as a substrate.
Cells were harvested for 24 h on a rotary shaker in
100 ml flasks with nutrient medium containing 20
mM benzonitrile. Cells were separated from the
culture medium by centrifugation and then
resuspended in phosphate buffer pH 7.2. Cell
suspension with a concentration of 30 mg ml! dry
cells and enzyme activity of 0.3 U ml™! was used for
immobilization. Immobilization procedure
comprises the preparation of the gel solution which
contains SiO; and organic parts in a ratio from 5 to
40 wt.%; 5 ml of the ready cell suspension was
introduced before gelation, which took place within
30 min. The gel containing the cells was spread
over petri dishes and left to dry overnight at room
temperature. Leaching of cells was
spectrophotometrically estimated to be 0.02-0.06
%.

RESULTS AND DISCUSSION

The structure of the synthesized hybrid materials
was investigated using FT-IR (Fig. 1), which
showed characteristic peaks at around 1080 cm,
790 cm! and 460 cm’!, attributed to the SiO»
network. They are assigned to vas, vs and o of Si-O-
Si vibrations; the band at 1080 cm™ could also be
related to the existence of Si-O-C, C-O-C and Si-C
bonds. The presence of bands at 950 cm™! reveals
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Fig. 1. FT-IR spectra of hybrids containing: a - lactic
acid; b - sepharose and ¢ - PEO and agar.

the presence of Si-OH groups. Characteristic bands
at around 3460 cm™ and at 1630 cm™, assigned to
H-O-H vibration, can also be detected. The bands
around 3460 cm™ could also be associated with v
(OH) ring stretching vibrations.

The results of BET analysis proved that the pore
size is about 2 nm, and the specific surface area is
in the range from 130 to 310 m?/g, depending on
the hybrid chemical composition. The matrix
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Fig. 2. AFM images and height distribution profile of hybrids containing a — 5 wt. % lactic acid; b — 20 wt. %
lactic acid; ¢ — 5 wt. % sepharose and d — 20 wt. % sepharose; ¢ — 5 wt. % PEO and agar and f— 20 wt. % PEO

and agar.
consising of well-defined nanounits and their distribution  profiles obtained from AFM
aggregates formed by self-organizing processes, topography images showed that all hybrids had a
was observed by the AFM studies. The size of surface with irregularities.

nanoparticles was from 10 to 18 nm and the
dimensions of their self-assembled aggregates were
about 49-76 nm (Fig. 2). In the same figure the
height distribution profiles of surface roughness are
shown. The histograms of the surface height
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Fig. 3. Comparison between the activity obtained by the
immobilized cells at multiple use with matrices with
different organic constituent.

06 —
B5w.% Sepharose
85 wt.% Lactic acid

05 4 85 wt.% PEO+agar

Nitrilase activity, U.ml
-
»

55 60 65

Temberature. °C

Fig. 4. Influence of temperature on the nitrilase activity
of immobilized Bacillus sp. UG-5B strain. Error bars
represent a deviation obtained from the triplicate
measurements.
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Fig. 5. Influence of specific surface area on the nitrilase
activity of immobilized Bacillus sp. UG-5B strain (a-
sepharose; b-lactic acid; c-PEO+agar) Error bars
represent a deviation obtained from the triplicate
measurements.

Thus synthesized, the hybrid materials were
tested as matrices for immobilization of the
suspension of cells. Different parameters influenced
the nitrilase activity of the immobilized biocatalyst.
Their optimization was expected to lead to an
enhanced enzyme activity compared to the free
cells. The optimum pH for the nitrilase activity of
free cells proved to be 6.0-8.0. The pH of the
matrices was adjusted to 7.0-7.2 which appeared to
be most appropriate for the cells entrapped in their
volume. Figure 3 shows the comparison between
the activity displayed by the immobilized cells at
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Fig. 6. Reusability of the biocatalyst (TEOS and 5 wt.%

sepharose) obtained after optimization of the
immobilization parameters.

multiple use when each matrix contains only SiO,
and different percentage of organic constituent. The
addition of an organic part plays a favorable role
when living objects are entrapped in the gel matrix.
Concerning the type of the hybrid matrix, best
results for Bacillus sp. UG-5B were achieved when
immobilization was carried out in a matrix
containing 5 wt. % sepharose. This fact can be
explained by the different chemical composition
and structure of the organic part included.

The obtained materials with 5 wt.% organic
constituent with immobilized cells were tested for
their behavior under different temperatures in the
range from 50°C to 65°C (Fig. 4). Highest enzyme
production for the immobilized preparations was
obtained when the temperature maintained during
the evaluated process was 60°C. The nitrilase
activity only slightly decreases when temperature is
increased to 65°C (0.43 U ml! for the matrix with
sepharose, 0.39 U ml"! when lactic acid is included
in the hybrid matrix and 0.35 U ml' when
PEO+agar is present as an organic part), which is
due to its thermostability [13]. Involving
thermostable enzymes in industrial processes gives
the advantage of a fast process and least
contamination [14]. The nitrilase enzyme produced
by Rhodococcus rhodochrous was found to be
fairly thermostable at 45°C [8], while the nitrilase
of Bacillus sp. UG-5B shows highest values at
60°C. Another parameter influencing the enzyme
activity of immobilized preparations is the specific
surface area of the hybrid materials (Fig. 5). The
larger surface area promotes higher nitrilase
activity when 5 wt.% of sepharose are present in
the hybrid matrix (Fig. 5a). This is in correlation
with the pore size, permitting free substrate
penetration. Inclusion of 40 wt.% sepharose leads
to lower nitrilase yield, corresponding to the lower
specific surface area. The specific surface area
decreases with the increase of the organic part
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content, leading to a gradual increase in enzyme
activity. Reusability was tested for the immobilized
bacterial cells included in the most suitable matrix
for highest nitrilase activity, namely, this
containing 5% sepharose (Fig. 6). In this case the
half-life of enzyme activity was retained for 14
reaction cycles, each carried out with the addition
of a fresh toxic substrate (benzonitrile) for
degradation. The proven reusability indicates an
efficient process that is possible to be carried out at
the optimal conditions for operation of the
immobilized system.

CONCLUSION

All hybrid materials used appeared to be
appropriate carriers for the entrapped bacterial
cells. The biocompatibility of the hybrid materials
allows the bioactivity of cells to be retained. The
obtained biocatalysts can be useful in enzymology
and biotechnology and ecology, using the
hydrolytic enzyme properties. Nitriles can cause
harmful effects on human health, so there exists an
urgent need for their removal. Immobilization of
cells, producers of nitrilase can offer solution to the
problems that appear with free cells, using their
advantages - retention of catalytic activity,
protection of cells against substrate inhibitory
effects, as well as stability and increased enzyme
yield, achieved by optimization of the factors,
influencing the immobilization process.
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(Pesrome)

XuOpuIHN MaTepuall, CHHTE3UPaHH 110 30J1-TeJIeH MEeTo/], 0s1Xa M3II0JI3BaHH KaTO MaTPUIH 38 HMOOMIIH3AIH
Ha OaKkTepHaIHM KJIETKH, MPOXYLEHTH Ha €H3MMa HHUTpWia3a. B CTpyKTypHHUTE H3ClefBaHUS Ha CHHTE3UPAaHUTE
xubpuan 0sxa N3Moa3BaHu pasnuuHu Metonu: Madpauepsena cnekrpockonus (FT-IR), BET-ananu3 u aToMHO cuiioBa
mukpockonus (AFM). IlpocneneHo Gemie BIMSHHETO Ha CTPYKTypaTa Ha Te3W MaTepHald BbPXY TEXHHTE CBOWCTBA.
[TonydennTe XxuOpuaHN MaTepuain 0sXa yCIenTHO MPUI0KEHU 3a UMOOUIN3aIUs Ha )KUBHU OaKTepUaaHU KIETKU, MPU
KOETO KH3HEHOCTTa MM Oellle 3ama3eHa M €H3MMHHTE MM CHUCTEMH 3alla3uxa CBOWUTE (PYHKIMHM B MMOOMIM3MPAHUTE
cucTeMH. BiusHueTro Ha pasnuYHMTE MapaMeTpH II0 BpeMe Ha MpoIleaypara Ha MMOOMIM3aiys Oelle OIEHEHO 3a
ONTHMU3AIMS Ha MpOIeca M YBEIIMUCHNE Ha €H3UMMHATa akTUBHOCT Ha M3cienBaHus eH3uM. Haii-Gmaronpusten epexr
BBPXY KIETKHTE Ha maM Bacillus sp. okaza marpumara ¢ 5 wt.% cedaposa 1 MmoiydeHaTa eH3MMHA aKTHBHOCT Oerre
0.45 U ml!, xorato mpormecsT ce npopexaa mpu 60°C. VeennueHaTa crenudu9Ha ITOBEPXHOCT HAa MaTpHIIaTa Oelre
omie enuH (akTop, BOAEII 10 MOBUIICHA HUTPWJIA3HA AKTHBHOCT.
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