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Introduction and purpose

The uncoated magnetite (M) and silica-coated magnetite (MS) nanoparticles have

been suggested as carriers for the immobilization of enzymes to improve their activity

and stability. The objective of this study was to demonstrate the potential use of

magnetic nanoparticles in bioengineering applications, using Mucor racemosus NRRL

3631 lipase as the model enzyme.

Materials and methods

The magnetite (Fe3O4) particles were synthesized by the chemical coprecipitation

technique, that is, Massart’s process with minor modifications, using stable ferrous and

ferric salts with ammonium hydroxide as the precipitating agent. The uncoated and

coated magnetite nanoparticles for immobilizing the lipase were characterized

according to the particle sizes, as measured from the transmission electron

microscope images. The infrared and X-ray powder diffraction spectra can well explain

the bonding interaction and crystal structures of various samples, respectively.

Results and conclusion

Different concentrations of silica-coated magnetite (MS) nanoparticles were used as

cross-linking agents. A silica concentration of 1% was proven to be more suitable, with

an immobilization efficiency of 96%. The transmission electron microscope images

revealed the diameters of the uncoated magnetite particles to be 10–16 nm and those

of the coated particles to be about 11 nm. The optimal pH and temperature of the

immobilized lipase were 5–6 and 401C, respectively. There was a slight decrease in

the residual activity of the immobilized lipase at 601C for 1 h. The kinetic constants

Vmax and Km were determined to be 250 U/mg protein and 20 mmol/l, respectively, for

the immobilized lipase. The residual activity of the immobilized lipase remained over

51% despite being used repeatedly seven times. It can be concluded that Fe3O4

magnetic nanoparticles and silica-coated magnetite (MS) nanoparticles have been

successfully prepared with excellent properties using the chemical coprecipitation

technique with some modifications. The silica coating appeared to be effective in

protecting the magnetite from being converted to other oxide species. The results of

the X-ray powder diffraction indicate that the composites were in the nanoscopic

phase. The resulting immobilized lipase had better resistance to pH and temperature

inactivation compared with free lipase and exhibited good reusability.
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Introduction

In recent years, the use of nanophase materials offers

many advantages because of their unique size and

physical properties. Magnetic nanoparticles have become

very popular when used in conjunction with biological

materials such as proteins, peptides, enzymes, antibodies,

and nucleic acids because of their unique properties [1];

this application is mainly based on the magnetic feature

of the solid phase that helps in achieving a rapid and

easy separation from the reaction medium in a magnetic

field. Previous studies have reported that magnetic

nanoparticles tend to lose their magnetizability when

biopolymer-coated nanoparticles are circulated in the

body [2]. Consequently, inorganic carrier materials

including magnetite and silica gels were being focused

on because of their thermal and mechanical stability,

nontoxicity, and high resistance against microbial attacks

and solutions of organic solvents [3]. Silica and its

derivatives when coated onto the surface of magnetic

nanoparticles may help to change their surface properties.

With the appropriate coating, the magnetic dipolar

attraction between the magnetic nanoparticles may be

screened, thus minimizing or even preventing aggrega-

tion. The coating film could also provide a chemically

inert layer against the nanoparticles, which is particularly
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useful in biological systems [1,4]. The larger specific

surface area and surface reactive groups that are

introduced by further modification of silica materials are

favorable during the preparation of silica carriers for

immobilized enzymes, and these carriers are very suitable

for adsorption and immobilization of the adsorbed protein

abundantly and steadily [5]. Lipases from different

sources are currently used in enzymatic organic synth-

esis [6,7]. The expanding interest in lipases mainly lies

on their wide industrial applications, including detergent

formulation, oil/fat degradation, pharmaceutical synth-

esis, cosmetics, paper manufacture, and oleochemis-

try [8]. To use lipases more economically and efficiently

in aqueous as well as in nonaqueous solvents, their

activity and operational stability needs to be improved by

immobilization. In addition, the enzyme immobilization

onto magnetic supports such as nanosized magnetite

particles allows an additional merit, namely, the selective

and easy enzyme recovery from the medium under a

magnetic force, compared with other conventional sup-

port materials. Hence, there is no need for expensive

liquid chromatography systems, centrifuges, filters, or

other equipment. In contrast, lipases obtain the highest

activity when their molecules are immobilized onto

nanoparticles because of their relatively high specific

area; this promises results on immobilizing lipases onto

surface-modified nano-sized magnetite particles [9].

The objective of this study was to demonstrate the

potential use of magnetic nanoparticles in bioengineering

applications. Mucor racemosus NRRL 3631 lipase was used

as the model enzyme in this study. The uncoated and

silica-coated magnetite nanoparticles were characterized

by X-ray powder diffraction (XRD), transmission electron

microscopy, and Fourier transform-infrared (IR) spectro-

scopy. The properties of the immobilized lipase such as

activity, recovery, protein analysis, and thermal stability

were investigated.

Materials and methods
Commercial lipase enzyme was prepared from M.
racemosus NRRL 3631. All other materials were of

analytical grade and used without further purification;

these materials included tetraethyl orthosilicate

(TEOSZ98%), ammonia solution (NH3, 28 wt%), ferrous

dichloride tetrahydrate (FeCl2 � 4H2O), ferric trichloride

hexahydrate (FeCl3 � 6H2O), glucose (C6H6O6), potas-

sium chloride (KCl), potassium dihydrogen phosphate

(KH2PO4), magnesium sulfate (MgSO4 � 7H2O), disodium

hydrogen phosphate (Na2HPO4), sodium dihydrogen

phosphate (NaH2PO4), peptone from animal protein, olive

oil, gum arabic, and acetone.

Microorganisms, medium, and growth conditions

M. racemosus NRRL 3631 was maintained on potato

dextrose agar (PDA) slants. The microorganism was

grown in 250 ml Erlenmeyer flasks containing 100 ml of

the medium. The medium was inoculated with 4 ml of

spore suspension, and the flasks were incubated for 72 h

in an orbital shaker operating at 200 rpm at 301C. For

lipase production, the composition of the basal medium

(9% w/v) was: glucose, 1; olive oil, 1; peptone, 30;

KH2PO4, 0.2; KCl, 0.05; and MgSO4 � 7H2O, 0.05%, with

an initial pH of 6.5 [10]. The medium was heat sterilized

at 1211C for 15 min.

Standard method for enzyme activity assay

The lipase assay was performed using an olive oil

emulsion according to the procedure described by

Starr [11]. The olive oil emulsion was prepared as

follows: 10 ml of olive oil and 90 ml of 10% arabic gum

were emulsified using a homogenizer for 6 min at

20 000 rev/min. The reaction mixture composed of 3 ml

of olive oil emulsion, 1 ml of 0.2 mol/l Tris-buffer (pH

7.5), 2.5 ml of distilled water, and 1 ml of enzyme solution

was incubated at 371C for 2 h with shaking. The emulsion

was destroyed by the addition of 10 ml of acetone (95% v/v)

immediately after incubation, and the liberated free fatty

acids were titrated with 0.05 N.

Analytical procedure of protein determination

Protein measurements were carried out according to the

method of Lowry et al. [12], using BSA as the standard.

The amount of bound protein was determined indirectly

from the difference between the amount of protein

present in the filtrate and that in washing solutions after

immobilization.

Partial purification of M. racemosus lipase using

ammonium sulfate

Ammonium sulfate (60% saturation) was added to 900 ml

of the culture supernatant at 41C. The precipitate was

collected by centrifugation at 12 000g at 41C for 20 min

and dissolved in a constant amount of distilled water. The

lipase activity and protein concentrations were deter-

mined [13].

Synthesis of magnetite nanoparticles

The nanoparticles were prepared according to the

method described by Massart [14] but without the use

of hydrochloric acid. A total of 4.05 g of FeCl3 � 6H2O and

1.98 g of FeCl2 � 4H2O was dissolved in 100 ml of distilled

water; the solution was purged with nitrogen to agitate

the mixture and prevent the oxidation of Fe2 + ions. After

30 min of purging, 143 ml of 0.7 mol/l NH4OH was added

dropwise into the solution and the now basified solution

was purged for an additional 10 min. During the addition

of NH4OH, it was noticed that the solution changed color

from the original brown to dark brown and then to black.

The precipitate was magnetically separated using a

permanent magnet and then washed with distilled water

several times and allowed to dry in air. The resulting

product was defined as M.

Synthesis of silica-coated magnetite nanoparticles

The above-mentioned experiment was repeated until the

step in which the solution was purged with nitrogen to

agitate the mixture. After this step, the precursor

TEOS (3 ml) was carefully dropped into the reaction

mixture of iron using a syringe, with mechanical stirring.
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The homogenization was performed for 15 min. After

sonication for 15 min, 143 ml of 0.7 mol/l NH4OH was

added dropwise into the mixture with continuous

mechanical stirring for 30 min. The coated particles were

finally separated from the liquid using a permanent

magnet, washed with distilled water several times, and

allowed to dry in air. Finally, we also determined the

effect of silica coating by varying the amount of TEOS

added to the reaction mixture. In this regard, we studied

the effect of five different amounts of TEOS, 1.04, 2.08,

4.22, 8.33, and 12.5 ml, which are equivalent to 0.5, 1, 2,

4, and 6% molar ratios, respectively. The determine

parameter of silica-coated magnetite nanoparticles is

labeled as MS1, MS2, MS3, MS4 and MS5.

Characterization

XRD was used to investigate the crystal structure of the

magnetic nanoparticles. The size and shape of the

nanoparticles were examined using a transmission elec-

tron microscope (TEM) (Model JEOL-1230, Japan). The

IR spectra were recorded using a Fourier transform-

infrared spectrophotometer (FT-IR). The sample and

KBr were pressed to form a tablet.

Immobilization of lipase

Because of the epoxy groups of the magnetite silica

nanoparticles, lipase immobilization was carried out by

treatment of the lipase solution with the nanoparticles

directly. The particles (200 mg of Fe3O4 coated with 1%

silica nanoparticles) were added to 40 ml of phosphate

buffer (0.1 mol/l, pH 6.5) containing lipase (1 ml). The

mixture was placed in a shaking incubator at 301C with

continuous shaking at 150 rpm for 6 h to finish the

immobilization of lipase. The immobilized lipase was

recovered by magnetic separation and washed with

phosphate buffer (0.1 mol/l, pH 6.5) three times to

remove excess enzyme. The resulting immobilized lipase

was held at 41C before use. The enzymatic activities of

the free and immobilized lipases were measured by

titrating the fatty acids that were obtained from the

hydrolysis of olive oil. One unit of lipase activity (U) is

defined as the amount of enzyme that hydrolyzes olive

oil, liberating 1.0 mmol of fatty acid per minute under the

assay conditions. The relative recovery (%) was the ratio

between the activity of the immobilized lipase and that of

free lipase [15].

Biochemical characterization of the free and

immobilized lipases and their reusability

Thermal stability of the free and immobilized lipase was

studied by incubating the biocatalyst at 30–801C for 15,

30, and 60 min in a water bath. Similarly, to determine the

stability at varying pH values, the immobilized enzyme

was reinsulated separately in 0.2 mol/l of citrate buffer at

pH 3–7 and in tris-HCl buffer at pH 7.6–9 for 1 h, and the

residual activities were determined under standard assay

conditions. The residual activity in the samples without

incubation was considered to be 100%. The inactivation

rate constant (K) and the half-life time (t1/2) were

calculated using the following formula: Half-life = 0.693/K,

in which K is the deactivation rate constant = slope of the

straight line [16].

The kinetic parameters Vmax and Km were determined for

the immobilized lipase. In addition, the reusability of the

immobilized lipase was determined by hydrolysis of olive

oil by the immobilized lipase recovered using magnetic

separation and compared with the first run (activity

defined as 100%).

Results and discussion
Structure and shape of the support for nanoparticles

The XRD pattern (Fig. 1) of the Fe3O4 (M) nanoparticles

prepared under standard conditions revealed diffraction

peaks at 111, 220, 311, 400, 422, 511, 440, etc., which

were the characteristic peaks of Fe3O4 crystals with a

cubic spinel structure [17]. It was clear that only the

phases of Fe3O4 were detectable and there were no other

undesired diffraction maximas of the impurities that

could be observed in the spectra. From the relatively wide

half-peak breadth, it could be estimated that the particle

size is quite small. From the XRD patterns, the average

diameter that was calculated to be 13.8 nm using the

Scherrer equation (D = Kl/b cosy, in which K is constant,

l is X-ray wavelength, and b is the peak width of half-

maximum) [18,19]. Interestingly, it was observed that

the diffraction patterns for the samples MS1 and MS2

Figure 1

X-ray powder diffraction patterns of (a) pure Fe3O4 nanoparticles and
(b) MS1 and MS2.
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consisted of an amorphous structure, which was attrib-

uted to the amorphous silica matrix, as clearly indicated

in Fig. 1 [20]. The XRD patterns of the remaining

samples MS3, MS4, and MS5 (not presented here) also

showed an amorphous structure. The relatively low

intensity reflections and absence of significant sharp

diffraction peaks for the MS1 and MS2 patterns are

probably due to the presence of SiO2 on the surface of

the magnetic nanoparticles. Xu et al. [21] also suggested

that the low intensity of the reflection peaks could be

attributed to the ultrafine crystalline structure of the

magnetite particles used for the generation of silica-

coated nanoparticles. The particle size and morphology of

Fe3O4, Fe3O4/SiO2, and Fe3O4/SiO2/enzyme were eval-

uated from the TEM micrographs. It is noteworthy that

the size distribution is 10–16 nm, which matched the

value calculated using the Scherrer equation, and that the

nanoparticles are spherical in shape (Fig. 2a) and their

aggregation can be discerned clearly. In Fig. 2b and c, the

coated silica layer can be observed as a typical core–shell

structure of the Fe3O4/SiO2 nanoparticles. The dispersity

of the Fe3O4/SiO2 nanoparticles was also improved, and

the average size increased to about 32 nm. After lipase

adsorption, the degree of particle aggregation increased;

however, a change in the particle size was not observed

(Fig. 2d).

FT-IR spectra of the magnetite nanoparticles

The FT-IR spectra of magnetite are shown in Fig. 3. A

factor group analysis, reported in a classic IR study on

spinels, suggested that there were four IR-active bands;

however, in most cases, including magnetite, only two of

them are observed between 400 and 800 cm – 1 [22]. In

this study, Fe3O4 showed a broad band that consisted of

two slightly split peaks identified at 573 and 621 cm – 1;

these peaks were attributed to the stretching vibration of

Figure 2

Transmission electron microscope images of (a) Fe3O4 nanoparticles, (b) MS1 nanoparticles, (c) MS1 nanoparticles with immobilized lipase, and
(d) MS1 nanoparticles without lipase.
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the Fe–O bond and confirmed the occupancy of Fe3 +

ions at tetrahedral sites in a manner consistent with that

reported in the literature [23–25]. On the low-frequency

side of the broad band, we observed that the weak peaks

appearing at 432 and 453 cm – 1 corresponded to the

presence of the Fe3 + –O2 – bond at octahedral sites [26].

In contrast, we found a broad peak near 3380 cm – 1 and a

sharp peak near 1635 cm – 1, which were attributed to the

stretching and binding vibrations of the hydroxyl groups.

These peaks confirm the presence of adsorbed water on

the surface of magnetite [27]. However, the peaks at

1383 and 1453 cm – 1 resulted from the stretching

vibration of the C–O bonds in CO2, which might come

from air.

FT-IR spectra of the silica-coated magnetite

nanoparticles

Figure 3 shows the IR spectrum of the silica-coated

magnetite nanoparticles. It was clear that the character-

istic adsorption bands of the Fe–O bond (Fe3 + –O2 – ) of

the silica-coated magnetite nanoparticles shift to higher

wave numbers of 585, 637, 441, and 483 cm-1, respec-

tively, compared with that of uncoated nanoparticles (in

573, 621, 432, and 453 cm – 1). The absorption bands at

around 1030, 800, and 470 cm – 1 reflect the Si–O–Si

asymmetry, Si–O–Si symmetric stretching vibrations, and

deformation mode of Si–O–Si, respectively [28]. The

bands at 569 and 965 cm – 1 are possibly because of

the Fe–O–Si and Si–O–Si stretching vibrations caused by

the perturbation of the metallic ion in the SiO4 tetra-

hedra [29], respectively. The FT-IR spectra of the lipase

on the silica-coated magnetite nanoparticles (Fig. 3)

showed a spectra similar to the IR spectra of the silica-

coated magnetite nanoparticles with immobilized lipase.

It was observed that the characteristic bands of lipase at

1655 and 1535 cm – 1 [30] revealed that it was immobi-

lized on the silica-coated magnetite nanoparticles.

The amount of enzyme added and the corresponding

immobilization efficiency

The relationship between the amounts of enzyme

(0.5–3 ml) and immobilization efficiency has been shown

in Fig. 4. When the enzyme amount added was 1 and

1.5 ml, with 300 mg of the magnetite coated with 1%

silica, the maximal immobilization efficiency was 87 and

96%, respectively. The curve in Fig. 4 illustrates that the

immobilization efficiency gradually decreases when the

amount of enzyme added is more than 1.5 ml. This could

be explained by an overall amount of the added enzyme

formed an intermolecular space hindrance of the immobil-

ized enzyme, which will not only the active site of the

enzymes but also restrain the dispersion of the substrate

and product [3].

Effect of different concentrations of SiO2 coating the

magnetite nanoparticles on the immobilization

efficiency of lipase

To solve the leaching problems of the adsorbed lipase and

improve the conventional way for lipase immobilization,

different concentrations of MS nanoparticles ranging

from 0.5–4% were used as cross-linking agents for

immobilization in 300 mg of magnetite nanoparticles.

The experimental results have been given in Fig. 5. It was

shown that the immobilization efficiency decreased

slightly from 96 to 84% with an increase in the SiO2

concentration from 1 to 4% and then decreased sharply

with a further increase in the concentration of SiO2 to

6% (76%). Although a higher amount of lipase binding

occurred when a low concentration of SiO2 was used for

silica coating the magnetic nanoparticles, there was a

substantial loss of enzyme activity.

Biochemical properties of the free and immobilized

lipase

The effect of pH on the specific enzyme activity of lipase

immobilized by silica was studied by varying the pH of

the reaction medium from 3–9 using a 0.1 mol/l citrate

phosphate buffer (3–7) and a 0.1 mol/l Tris (hydroxy

Figure 3

(a) Fourier transform-infrared spectrophotometer spectra of Fe3O4,
(b) MSI without immobilized lipase, and (c) MSI with immobilized lipase.

Figure 4

Effect of different amounts of Mucor racemosus NRRL 3631 lipase on
the immobilization efficiency.
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methyl) amino methane buffer (7.5–9), and the pH

profile has been shown in Fig. 6a. Generally, the binding

of enzymes to polycationic supports would result in an

acidic shift in the optimum pH [31,30]; similarly, after

silica immobilization, the optimum pH of lipase exhibited

an acidic shift (5–6). The variation in the residual activity

of the free and immobilized lipase with pH is shown

in Fig. 6b. The immobilized lipase was stable in the pH

range of 3–5 as compared with the free enzyme; this

indicated that immobilization appreciably improved the

stability of lipase in the acidic region.

The thermal stabilities of the free and immobilized lipase

in terms of the residual activities have been compared

in Fig. 7. Lipase immobilized on MS nanoparticles

remained fully active up to 401C. These results are

similar to those obtained by Huang et al. [30], who found

that binary immobilized lipase from Candida rugosa was

fully active at 401C; however, inactivation of the enzyme

occurred on treatment at higher temperatures. About

40% of the residual activity of free lipase was preserved at

601C for 1 h; however, about 72.9% residual activity was

preserved in case of the immobilized enzyme. At 801C,

the free enzyme was fully inactivated, whereas the

immobilized form preserved about 37.8% of its residual

activity for 15 min. Hiol et al. [32] studied the thermo-

stability of the free enzyme of Rhizopus oryzae and found

that it was highly inactivated at 451C and almost all

activity was lost at 501C after a 40 min incubation. This

thermal stabilization could be explained by the location

of the lipase inside the micropores of the support,

wherein the enzyme is protected against alterations of

the microenvironment. The Michaelis–Menten kinetics

of the hydrolytic activity of the free and immobilized

lipases have been represented in Table 1, using varying

initial concentrations of olive oil as the substrate. The

Michaelis constant (Km) and the maximum reaction

velocity (Vmax) were evaluated from the double reciprocal

plot. The Vmax value of 250 U/mg protein exhibited by

the immobilized lipase was found to be higher than that

of free lipase (50 U/mg protein). The Km value (20 mmol/l)

determined for the immobilized lipase was about three-

folds higher than that of free lipase (6.66 mmol/l), which

indicated a lower affinity toward the substrate. This

increase in Km might be either due to the structural

changes induced in the enzymes by the immobilization or

the lower accessibility of the substrate to the active

sites [33,30]. The inactivation temperature of the soluble

and immobilized lipase was observed to be between 50 and

701C. In general, the immobilization processes protected

the enzymes against heat inactivation, for example, the

calculated half-life values at 50, 60, and 701C for the

immobilized enzyme were 630, 533, and 391.5 min,

respectively, which are higher than those (231, 198, 187,

and 3 min, respectively) of the free enzyme as shown

in Table 2, that is, the free enzyme showed a half-life of

10.5 h at 501C, 8.88 h at 601, and 6.5 h at 701C. Our results

are nearly similar to those obtained by Kumar et al. [34],

who reported the half-life of Bacillus coagulans BTS3 lipase at

55 and 601C to be 2 h and 30 min, respectively; moreover,

they reported the half-life of lipase from another meso-

philic bacteria (Bacillus spp.) to be 2 h at 601C. They

reported that the deactivation rate constants of 1.1� 10–3,

1.3� 10–3, and 1.7� 10 – 3 for the experimental immobi-

lized enzyme at temperatures of 50,60, and 701C,

respectively were lower than those (3� 10–3, 3.77� 10–3,

Figure 5

Effect of different concentration of SiO2-coated magnetic nanoparticles
on the immobilization efficiency of Mucor racemosus NRRL 3631
lipase.

Figure 6

Effect of pH values on the activity (a) and stability (b) of free and immobilized Mucor racemosus lipases.
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and 4.8� 10–3, respectively) of the free enzyme at the

same temperatures. These results could be related to a

hydrophilic or hydrophobic environment. A hydrophilic

microenvironment allowed the immobilized derivatives to

follow a double experimental decay in their activities,

wherein the hydrophobic microenvironment makes the

enzymatic activity suffer a single experimental decay

during storage conditions [35].

Variations in the enzyme activity with repeated batch

enzyme reactions

Operational stability was the most important parameter

in the immobilization of enzymes because inactivation is

inevitable when the free enzyme is exposed to inade-

quate ambient conditions. The recycling efficiency of the

immobilized lipase has been presented in Fig. 8. It was

observed that the immobilized lipase retained 51% of its

original activity even after the seventh reuse; this

indicated that the resultant bound lipase had a better

reusability, which was desirable for applications in

biotechnology. The loss of activity may be ascribed to

conformational changes in the enzyme, blocking of the

lipase active sites, or the gradual loss of the bound lipase

during the reaction procedures.

Conclusion
From these results it can be concluded that Fe3O4

magnetic nanoparticles and silica-coated magnetite (MS)

nanoparticles with excellent properties have been suc-

cessfully prepared using the chemical coprecipitation

technique with some modifications. The XRD results

indicate that the composites were in the nanoscopic

phase. Based on the TEM images, the diameters of the

uncoated magnetite particles were determined to be

around 10–16 nm and those of the coated particles to be

about 11 nm. The silica coating appeared to be effective

in protecting the magnetite from being converted to

other oxide species. The thermal and pH stabilities of the

immobilized lipase increased on immobilization. The

optimal pH and temperature of the immobilized lipase

were 5–6 and 401C, respectively. There was a slight

decrease in the residual activity of the immobilized

lipase. The operational stability of the immobilized lipase

Figure 7

Thermal stability of free and immobilized Mucor racemosus NRRL 3631 lipases.

Table 1 Kinetic parameters (Vmax and Km) for the free and

immobilized enzymes

Types Vmax (U/mg protein) Km (mmol/l)

Immobilized lipase 250 20
Free lipase 50 6.66

Table 2 Kinetic parameters (half-life and the deactivation rate

constant) for the free and immobilized enzymes

Half-life (min) Deactivation rate constant

Types 501C 601C 701C 501C 601C 701C

Immobilized
lipase

630 533 391.5 1.8�10–3 1.3�10–3 1.7�10–3

Free lipase 231 198 187.3 3�10–3 3.77�10–3 4.8�10–3

Figure 8

Operational stability of the immobilized Mucor racemosus NRRL lipase
on the hydrolysis process.
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over repeated cycles could substantially save on the cost

of the enzyme. The residual activity of the enzyme even

after seven repeated uses was over 51%. Conclusively,

magnetic nanoparticles provide an economically efficient

and selective system for enzyme immobilization.
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