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Abstract: Zinc tetraaminophthalocyanine-Fe
3
O

4
 nanoparticle composites were prepared by 

organic-inorganic complex technology and characterized. It has been proved that the ZnTAPc 

dispersed randomly onto the surface of Fe
3
O

4
 nanoparticles to form molecular dispersion layer 

and there was a relatively strong bond between central zinc cation and oxygen. The nanoparticle 

composite took the shape of roundish spheres with the mean diameter of about 15 nm. Active 

amino groups of magnetic carriers could be used to bind laccase via glutaraldehyde. The optimal 

pH for the activity of the immobilized laccases and free laccase were the same at pH 3.0 and 

the optimal temperature for laccase immobilization on ZnTAPc-Fe
3
O

4
 nanoparticle composite 

was 45°. The immobilization yields and K
m
 value of the laccase immobilized on ZnTAPc-Fe

3
O

4 

nanoparticle composite were 25% and 20.1 µM, respectively. This kind of immobilized laccase 

has good thermal, storage and operation stability, and could be used as the sensing biocomponent 

for the fi ber optic biosensor based on enzyme catalysis.

Keywords: ZnTAPc-Fe
3
O

4
 nanoparticles composite; organic-inorganic complex; laccase 

immobilization 

Introduction
Fiber optic biosensor has many advantages such as high sensitivity, fast response, 

low cost, immunity from electrical and magnetic disturbances, geometrical versatility, 

remote sensing capability, small size and lightweight, and can provide an alternative 

to laboratory-based measurement methods (D’souza 2001; Kishen et al 2003; Cooper 

et al 2004). Fiber optic biosensors are composed of a biological recognition element 

(biocomponent), a transducer to convert the biocomponent response to an optical signal 

and associated electronics. Laccases (EC 1.10.3.2) are copper oxidoreductases produced 

by higher plants and micro-organisms, mainly fungi. For the fi ber optic biosensors based 

on laccase catalysis which have great application in clinical medicine detection, the im-

mobilized laccase, formed by the immobilization of enzyme on a carrier, could act as the 

sensing biocomponent and will have tremendous infl uence to the sensor properties. The 

immobilization of laccases on various carriers, including activated glass beads, sepharose, 

gelatin, polyurethane, platinum and organic gels, have been reviewed previously (Duran 

et al 2002). The use of organic-inorganic magnetic particles as the potential supports 

appears to be a promising technique (Arica et al 2000; Zheng et al 2003; Liu et al 2004). 

Some successful applications of magnetic nanoparticles in the biomolecules immobiliza-

tion have been reported (Chen et al 2002; Li et al 2003). However, the particle size was 

often of micrometer or millimeter scale for most available magnetic carriers used for the 

laccase immobilization. Comparing with them, the nanoparticle composites showed an 

increased surface areato-volume ratio to bind more enzymes and they had a favorable 

spatial orientation of the enzyme molecule, further more, their superparamagnetism was 

propitious to separate from solution and reuse.

In our previous study, we used copper tetra aminophthalocyanine (CuTAPc)-Fe
3
O

4
 

nanoparticle composite with the average size of 76 nm to immobilize laccase (Jun 
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et al 2006). The composite showed an increased surface area-

to-volume ratio to bind more enzyme and the immobilized 

laccases had good activity and stability, and could be easily 

separated from solution for reuse because of the magnetic 

properties of the carrier. In this paper, ZnTAPc (Zinc tetra-

aminophthalocyanine)-Fe
3
O

4 
nanoparticle composites were 

prepared in situ by organic-inorganic complex technology 

and characterized. The laccase was immobilized on the surface 

of the magnetic composite via glutaraldehyde. The infl uences 

of pH, temperature to the activity of immobilized and free lac-

case were studied and the properties of the immobilized and 

free laccase such as stabilities, kinetic constants were investi-

gated. Compared with CuTAPc-Fe
3
O

4
 nanoparticle composite, 

ZnTAPc-Fe
3
O

4 
nanoparticle composite had even smaller size 

and larger surface area-to-volume ration to bind more laccase, 

which would be benefi cial to improve the propertied of the 

fi ber optic biosensor based on laccase catalysis.

Experimental
Materials and measurement
Pycnoporus sanguineus laccase, a white-rot fungus laccase with 

a molecular weight of 64 kDa, was presented by the Institute 

of Microbiology of the Chinese Academy of Sciences and its 

purity was tested by electrophoresis with a single protein band. 

The 2,2'-Azino-bis-(3-ethylbenzothiazoline-6-sulphonic acid) 

(ABTS) was purchased from Sigma Chemical Co. (Deisen-

hofen, Germany). All other solvents and reagents were of 

analytical grade and were used without further purifi cation. 

Water was deionized and doubly distilled prior to use. For the 

characterization of ZnTAPc-Fe
3
O

4 
nanoparticle composite and 

the immobilized laccase, FTIR (Fourier-transform infrared) 

spectra were recorded on a Nicolet 60 SXB spectrophotometer 

(Nicolet, USA). X-ray powder patterns were conducted on a 

Rigaku D/MAX-RB diffractometer (Rigaku, Japan). XPS (X-ray 

photoelectron spectroscopy) was performed by INCA energy 

spectrometer (OXFORD). The morphological characterization 

of the composite was evaluated by TEM (transmission scanning 

electron microscopy) (JEM-2000FXα) operating at 150 kV. The 

magnetic properties of the composite were determined by Model 

4HF VSM (ADE Corp, DMS-Magnetics). The surface area was 

analyzed by Nova instrument (Quantachrome, USA). The activ-

ity of laccase was assayed by using a UV-2450 spectrophotometer 

(Shimadzu, Japan).

Preparation of ZnTAPc-Fe3O4 nano 
composite 
The Zinc Tetraaminophthalocyanine (ZnTAPc) was syn-

thesized according to the illustrative scheme shown in 

Figure 1 Schematic illustration of synthesis of ZnTAPc.
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Figure 1 described previously (Cong et al 2002). The Fe
3
O

4
 

nanoparticles with the average size of 10 nm were prepared 

by common chemical precipitation as described elsewhere 

(Huang et al 2001). After the eluate was washed to neutral, 

0.97 g of Fe
3
O

4
 nanoparticles were transferred to a suitable 

organic solvent and then were slowly mixed with 0.03 g 

ZnTAPc dissolved in N, N-dimethyl formamide (DMF). 

The mixture was stirred for 24 h at room temperature and 

then dried under vacuum. After the removal of DMF, the 

ZnTAPc-Fe
3
O

4
 nanoparticle composites were formed. 

The composites were washed with DMF and almost no 

free ZnTAPc could be found in the solution, indicating 

that almost all of the ZnTAPc had been combined with the 

Fe
3
O

4 
nanoparticles and the content of ZnTAPc was 3% 

(by weight).

Laccase immobilization 
1 g ZnTAPc-Fe

3
O

4 
nanoparticle composites were added in 

the solution with a certain amount of glutaraldehyde with 

stirring for 2 h and the excess glutaraldehyde was washed 

off with distilled water in the presence of a magnetic fi eld. 

The ZnTAPc–Fe
3
O

4
 nanoparticle composite crosslinked 

with glutaraldehyde were added to 0.1 M phosphate buffer 

solution (PBS) containing a certain amount of laccase with 

continuous stirring for 2 h. The immobilized laccase was 

washed with PBS (pH 7.0) until no protein was detected in 

the eluate and was then freeze-dried and stored at 4 °C.

Assay of laccase activity 
Activities of immobilized laccase were assayed by using 

4 mg/ml ABTS in distilled water as a substrate. The reac-

tion mixture consisting of 3 ml of 0.1 M tartaric acid buffer 

(pH 3.0) and 15 mg of immobilized laccase was initiated 

by adding 20 µl of substrate and reacted for 5 min at 25 °C. 

During the process, the increase in the absorbance at 420 nm 

was measured in a UV-2450 spectrophotometer. The molar 

extinction coeffi cient of ABTS is 36,000 dm3/mol per cm. 

One activity unit was defi ned as the amount of enzyme 

required to catalyze 1 µmol of substrate per min. Kinetic 

tests were performed by measuring the initial reaction rates 

of the immobilized laccase using different concentrations of 

ABTS as a substrate in 0.1 M tartaric acid buffer (pH 3.0) at 

25 °C. The K
m
 values were calculated by linear regression 

according to the Lineweaver-Burk relationship. 

Determination of stabilities
Free and immobilized laccase were incubated at 55 °C for vari-

able periods in the phosphate buffers at pH = 7.0. The samples 

were withdrawn every 30 minutes and their residual activity was 

immediately assayed to determine their thermal stability. 

The storage stabilities of the free and immobilized laccase 

were evaluated by storing them at 4 °C for 1 month and their 

residual activities were measured every 3 days. 

In order to assess the operating stability of immobi-

lized laccase, several consecutive operating cycles using 

magnetic fi eld were performed by oxidizing ABTS. At 

the end of each oxidation cycle, the immobilized laccase 

(15 mg) was washed three times with PBS (pH = 7) and 

the procedure was repeated with a fresh aliquot of substrate 

(Davis S et al 1992).

Results and discussions
Characterization of the composites
In the FTIR spectra of ZnTAPc-Fe

3
O

4
 nanoparticle compos-

ite, the peaks at 1610, 1340, 1080 cm−1 corresponded to the 

stretching vibrations of C-C and C-N of the ZnTAPc plane. 

The stretch vibrations of C=N and N-H of amino group 

were found at 1610 cm−1 and 3360 cm−1, respectively. The 

characteristic absorption peak of Fe
3
O

4
 also appeared around 

580cm-1. The rather strong peak at 880cm−1 indicated the for-

mation of Zn-O bond, showing the more effective complex 

between ZnTAPc and Fe
3
O

4
 nanoparticles than that between 

Cu and Fe
3
O

4
 nanoparticles (Jun et al 2006).

Figure 2 shows the XRD (X-ray diffraction) patterns of 

ZnTAPc and the ZnTAPc-Fe
3
O

4
 nanoparticle composite. The 

main peaks in the XRD of the composite at 2θ = 35.5°,56.9°, 

62.3° were characteristics of Fe
3
O

4
 and no character of 

ZnTAPc was observed. However, when 3% (w/v) ZnTAPc 

was mixed mechanically with Fe
3
O

4
 nanoparticles, both the 

characters of ZnTAPc and Fe
3
O

4 
could be observed in the 

XRD of the mixture (the results are not shown). These results 

indicated that ZnTAPc dispersed randomly on the surface of 

Fe
3
O

4
 nanoparticles in the composite to form the molecular 

dispersion layers (Jian et al 2001).

EDS measurements were performed to analyze the 

elementary composition of the composite surface, as shown 

in Figure 3 and Table 1. As expected, the EDS spectrum 

exhibited the peaks of carbon and nitrogen, indicating that 

the composite contains the organic compound ZnTAPc. From 

the ratio of peak areas, corrected for their sensitivity, it could 

be estimated that the content of carbon is 2.17%, which was 

higher than the calculated value. This result could be regarded 

as evidence that most of the ZnTAPc were bonded on the 

surface of the Fe
3
O

4
 nanoparticles.

Figure 4 exhibits the transmission electron microscopy 

(TEM) micrograph of the ZnTAPc-Fe
3
O

4
 nanoparticle com-
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posite, showing that the particles were roughly spherical. The 

size analysis demonstrated the average diameter of 15 nm for 

the composite.

The complex mechanism of the ZnTAPc–Fe
3
O

4
 nanopar-

ticle composite was similar to that of the CuPc-Fe
3
O

4
 

composite (Huang et al 1999). First, the Zn2+ of ZnTAPc 

was attached to the O ion of Fe
3
O

4
 nanoparticle by chemical 

bonding action. Then Fe
3
O

4
 nanoparticles combined to form 

large aggregations and ZnTAPc had the function of coher-

ing Fe
3
O

4
 nanoparticles. A considerable number of ZnTAPc 

combined with Fe
3
O

4
 nanoparticles on the surface of the 

aggregations to form ZnTAPc-Fe
3
O

4 
nanoparticle composite. 

Inside the composite the Fe
3
O

4
 nanoparticles accumulated 

without order, while on the surface of the composite, ZnTAPc 

formed a molecular dispersion layer.

The surface area was calculated according to Muti-point 

BET as showed in Figure 5. According to the result, the sur-

face area of the composite was 115.3 m2/g, indicating that 

ZnTAPc-Fe
3
O

4
 nanoparticle composite had large surface area 

for immobilizing enzyme, protein and other biomolecules. 

The magnetic characteristic of ZnTAPc-Fe
3
O

4
 nanopar-

ticle composite is shown in Figure 6. The composite was 

almost superparamagnetic and has the Hc of 4.03 Oe. The 

low coercive force might be caused by the small size of Fe
3
O

4
 

particles (about 10 nm). As the support of the immobilized 

Figure 2 XRD patterns of ZnTAPc and composite.

Figure 3 EDS spectrum of the ZnTAPc– Fe3O4 nanoparticle composite.

Table 1 The result of EDS (the content by weight and atomic 
percent)

Element Weight% Atomic%

O  37.16 63. 71
Fe  59.33 29.16
C 2.16 4.93
Zn 0.28 0.11
N 1.07 2.09
Totals 100.00 100.00
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protein, the small Hc was very advantageous to their separa-

tion from solution and reuse.

The black Fe
3
O

4
 nanoparticles can be oxidized into 

yellow Fe
2
O

3
 when they are exposed to the air directly and 

their magnetism decreases signifi cantly. However, after six 

months storage when exposed to air at room temperature, 

the color and the magnetic properties of the ZnTAPc-Fe
3
O

4
 

nanoparticle composites remained almost unchanged. As 

the majority of the ZnTAPc was attached to the surface of 

the composite, the Fe
3
O

4
 nanoparticles were shielded from 

oxygen and the stability of the Fe
3
O

4
 nanoparticles was 

greatly improved. This kind of composite had very good 

storage stability.

Immobilizion of laccase
In the composite, the amino groups of the organic compound 

exposed outside were active groups, which could covalently 

bond with glutaraldehyde to form Schiff’s base, then terminal 

aldehydic group of glutaraldehyde could covalently bond 

laccase as showed in Figure 7. 

Properties of immobilized laccase
The effects of pH on the activity of the free and immo-

bilized laccase are shown in Figure 8. The optimal pH 

for the free and immobilized laccases were the same at 

pH 3.0. In general, immobilization of enzymes on charged 

supports often leads to displacements of the pH-activity 

profi le to either alkaline or acidic regions (D’Annibale et al 

1999; Leontievsky et al 2001). However, in the present 

study, the pH-activity profi le of immobilized laccase was 

similar to that of the free counterpart. Therefore, it can be 

inferred that the immobilization process had little effect 

on the microenvironment of laccase molecule. This result 

agreed with those of previous researchers (D’Annibale 

et al 1999).

The temperature dependence of activity of free and immo-

bilized laccase is shown in Figure 9. The optimal temperature 

for the laccase immobilized on ZnTAPc-Fe
3
O

4 
nanoparticle 

composite was 45 °C, 10 °C lower than that for the free 

laccase. For the purpose of calculation, laccase activity 

observed at optimal temperature was taken as 100%. As the 

Figure 4 TEM pattern of the ZnTAPc-Fe3O4 composite.
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Figure 5 Muti-point BET plot of the ZnTAPc-Fe3O4 nanoparticle composite.

Figure 6 Hysteresis Loop of ZnTAPc-Fe3O4 nanoparticle composite.
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Figure 7 Schematic illustration of laccase immobilized on ZnTAPc-Fe3O4 nanoparticles.
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temperature decreased to 25 °C, the free laccase displayed a 

relative activity of 61%, whereas the activity of immobilized 

laccases dropped signifi cantly to 21%, indicating that the 

enzyme activity became more dependent on the temperature 

after immobilization.

Kinetic properties of the immobilized 
laccase 
K

m
 values are the most useful parameters in probing the abil-

ity of an enzyme to bind its substrate. The Michaelis–Menten 

constants of free and immobilized enzyme for ABTS were 

12.6 µM and 20.1 µM, respectively. The increase of K
m 

might be caused by many factors such as steric hindrance of 

the active site by the support, the loss of enzyme fl exibility 

necessary for substrate binding and the diffusion limitation 

of substrate (Çetinus et al 2003). However, a decrease in the 

K
m
 value of immobilized laccase was observed compared to 

the previous K
m
 value (23.8 µM) obtained using CuTAPc 

as the support (Jun H et al 2006). It can be inferred that the 

lower diameter of immobilized laccase may lead to a higher 

affi nity towards the substrate, and smaller particle would 

give less restriction for diffusion. 

Stability of the immobilized laccase 
The free and immobilized laccase were both incubated at 

55 °C for 240 min in the phosphate buffers at pH = 7.0 

to determine the thermal stability (Figure 10). The results 

showed that the activity of immobilized enzyme increased 

quickly to 4 times of its initial value at fi rst 150 min and 

then reached a approximately steady state in the following 

90 min, while that of the free laccase decreased signifi cantly 

to 28% of its initial value after 240 min of incubation. These 

results agree with those of Abdulkareem et al (2002), who 

reported on temperature stabilities for laccase immobilized 

on modifi ed cellulose and acrylic carriers. This could be 

explained in terms of activation-period inactivation. The 

immobilization limited enzyme to undergo drastic con-

formational changes, thus resulting in increased stability 

towards denaturation (Klibanov 1979; Joon et al 2000; De 

et al 2004). The outstanding thermal stability of immobilized 

laccase in this work was the principal advantage over the 

other immobilized laccase reported before (D’Annibale et 

al 1999; Abdulkareem et al 2002).

After the immobilized laccase were reserved at 4 °C for 1 

month, their activity declined slowly to 85% of initial activity. 

Under the same storage conditions, activity of free laccase de-

creased to 30% after 1-month storage. The results show that im-

mobilized laccase has better storage stability than free laccase.

After 5 consecutive operations, the immobilized laccase 

retained 80% residual activity and displayed good reus-

ability. 

Conclusions
ZnTAPc-Fe

3
O

4
 nanoparticle composite with the mean size 

of 15nm were prepared and characterized. There was an 

effective complex between ZnTAPc and Fe
3
O

4
 nanopar-

ticles, and the composite was a good carrier for laccase 

immobilization. The optimal pH for the activity of the 

immobilized laccases and free laccase were both at pH 3.0 

and the optimal temperature for laccase immobilization 

on ZnTAPc-Fe
3
O

4
 nanoparticle composite was 45°. The 

immobilization yields and K
m
 value of the laccase immobi-

lized on ZnTAPc-Fe
3
O

4 
nanoparticle composite were 25% 

and 20.1 µM, respectively. The immobilized laccase had 

good thermal, storage and operation stability. The results 

indicated that this kind of immobilized laccase using Zn-

TAPc-Fe
3
O

4
 nanoparticle composite as the carrier might 

be a good candidate for the sensing biocomponent of fi ber 

optic biosensors.
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