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Abstract An effective method for purification of nattoki-
nase from fermentation broth using magnetic poly(methyl
methacrylate) (PMMA) beads immobilized with p-amino-
benzamidine was proposed in this study. Firstly, magnetic
PMMA beads with a narrow size distribution were prepared
by spraying suspension polymerization. Then, they were
highly functionalized via transesterification reaction with
polyethylene glycol. The surface hydroxyl-modified mag-
netic beads obtained were further modified with chloro-
ethylamine to transfer the surface amino-modified magnetic
functional beads. The morphology and surface functionality
of the magnetic beads were examined by scanning electron
microscopy and Fourier transform infrared. An affinity
ligand, p-aminobenzamidine was covalently immobilized to
the amino-modified magnetic beads by the glutaraldehyde
method for nattokinase purification directly from the
fermentation broth. The purification factor and the recovery
of the enzyme activity were found to be 8.7 and 85%,
respectively. The purification of nattokinase from fermen-
tation broth by magnetic beads only took 40 min, which
shows a very fast purification of nattokinase compared to
traditional purification methods.

Introduction

Fibrin aggregation in arteries often causes cardiovascular
diseases. Thrombolytic therapy is the best way to achieve
recanalization in these diseases nowadays. Urokinase and
streptokinase were widely used for thrombosis but they
have a low specificity to fibrin and also have hemorrhagic
side effects. Tissue plasminogen activator (tPA) was used
for the treatment of thrombosis because of its strong ability
to lyse fibrin. However, the wide application of tPA is
limited due to its cost and its short half-life in the body.

Nattokinase was considered as one kind of promising
agent for thrombosis therapy, which was first discovered
from Bacillus subtilis used in the traditional Japanese food,
natto (Sumi et al. 1987). Closely resembling plasmin,
nattokinase dissolves fibrin directly. Oral administration of
nattokinase showed that this enzyme could enhance fibrino-
lytic activity in plasma and the production of tPA (Sumi et al.
1990). In some ways, nattokinase is actually superior to
conventional clot-dissolving drugs, which has many benefits
including convenience of oral administration, confirmed
efficacy, prolonged effects, cost-effectiveness, and preventa-
tive use. Over the past two decades, several methods were
used in the separation and purification of nattokinase from
fermentation broth, such as salting out, organic solvent
fractionation, chromatography, reverse micelle extraction,
and expanded bed adsorption (Urano et al. 2001; Fujita et al.
1993; Chang et al. 2000; Liu et al. 2004; Hu et al. 2000).
Nakanishi et al. (1998) separated nattokinase from fermen-
tation broth by a procedure consisting of alcohol or
ammonium sulfate precipitation, hydrophobic interaction
chromatography, ion exchange, and gel filtration. The
conventional purification of nattokinase requires a long
period (about 2 days) due to the multistep process. In
addition, each step requires expensive equipment and may
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result in a significant loss of the enzyme activity. Therefore,
developing a simple method to purify the nattokinase from
fermentation broth is a new challenge nowadays.

Magnetic beads based on separation are fast, gentle, and
compatible with complex biological system, such as whole
blood, milk, and cell, and have consequently become
increasingly popular in bioengineering. Nowadays, the
magnetic bioseparation is becoming a very important
method in the field of biology, especially for routine
handling of large numbers of samples in protein purifica-
tion, cell sorting, and diagnostics (Furukawa et al. 2003;
Kondo et al. 1994; Safarik and Safarikova 2004; Saiyed et
al. 2003). There were different monomer copolymerization
methods to the preparation of magnetic beads with pros and
cons to each approach, such as emulsion polymerization
(Noriko et al. 1993), dispersion polymerization (Horák and
Shapoval 2000), suspension polymerization (Lee et al.
2003), and two-step swelling method (Ugelstad et al. 1983).
However, in the monomer copolymerization, a large
amount of functional groups were buried in the beads with
only a small part left on the surface. Among these methods,
suspension polymerization is simple and easy to scale up,
hence, more suitable for mass production. However, the
magnetic polymer beads made by conventional suspension
copolymerization were mostly in the size of several
hundred micrometers with a very broad size distribution.
The main disadvantages of these magnetic beads are their
large size, broad size distribution, and low density of
surface reactive groups. Spraying suspension polymeriza-
tion (SSP) is a promising technique, which was first
proposed by our group (Yang et al. 2005), to prepare
magnetic polymer beads with a narrow size distribution.
The SSP technique involves the spray of dispersed phase
containing magnetite nanoparticles through a nozzle into a
continuous phase. The small droplets in continuous phase
are directly formed from the nozzle by applying appropriate
pressure. Compared with the conventional mechanical
stirring method, the SSP technique can provide small
droplets with a narrow size distribution.

In this study, we describe an effective process for the
preparation of highly functionalized, micron-sized p-amino-
benzamidine immobilized superparamagnetic beads and
their practical application for nattokinase purification from
fermentation broth. Firstly, magnetic poly(methyl methac-
rylate) (PMMA) beads with a narrow size distribution were
prepared by SSP. Then the resulting magnetic PMMA
beads were highly functionalized via transesterification
reaction with poly(ethylene glycol) in the presence of so-
dium methylate as a catalyst. The surface hydroxyl-mod-
ified magnetic beads obtained were further modified with
chloroethylamine to transfer the surface amino-modified
magnetic functional beads. The morphology and surface
functionality of the magnetic beads were examined by

scanning electron microscopy (SEM) and Fourier transform
infrared (FTIR). An affinity ligand, p-aminobenzamidine
was covalently attached onto the amino-modified magnetic
beads by the glutaraldehyde method for the nattokinase
purification directly from the fermentation broth.

Materials and methods

Materials

Methyl methacrylate (MMA) and divinylbenzene (DVB)
were analytical grade and were distilled under reduced
pressure to remove inhibitors before use. Benzoyl peroxide
(BPO), polyvinyl alcohol (PVA)-1788, polyethylene glycol
(PEG)-400, methyl alcohol, and NH3·H2O were analytical
grade and were used without any further purification. 2-
chloroethylamine hydrochloride, iminodiacetic acid (IDA),
and p-aminobenzamidine were purchased from Sigma
Chemical. Water was purified by distillation followed by
deionization using ion exchange resins. Other chemicals
were reagent grade and used as received.

Bacillus natto NLSSE was obtained from Institute of
Process Engineering, the Chinese Academy of Sciences.
Bacteria were maintained as spores suspended in 50% (v/v)
glycerol, stored at −20 °C.

Preparation of Fe3O4 nanoparticles coated with oleic acid

Fe3O4 nanoparticles coated with oleic acid were prepared
by the modified coprecipitation method. At 80 °C,
0.196 mol of FeCl3·6H2O and 0.098 mol of FeCl2·4H2O
were dissolved in 600 ml deionized water in a 2.0-l beaker
under nitrogen gas with vigorous stirring. Then, 30 ml of
NH3·H2O was added to the solution and 20 ml of oleic acid
was added dropwise into the suspension within 20 min.
After another 20 min, the magnetite nanoparticles were
obtained from the solvent by magnet and were washed with
deionized water several times.

Preparation of magnetic PMMA beads

Magnetic PMMA beads were prepared by SSP. The SSP
apparatus was already presented in our previous work
(Yang et al. 2005). Thirty grams of PVA dissolving
2,000 ml of deionized water was used as an aqueous phase.
The oil phase, a mixture of 50 ml of MMA, 5 ml of DVB,
and 2 g of BPO dissolving 10 g of Fe3O4 magnetic
nanoparticles, was stored in the dispersion phase storage
tank. By applying nitrogen pressure of 0.15 MPa, the oil
phase was sprayed through the spraying nozzle into the
aqueous phase to form uniform droplets, which were
polymerized for 2 h with gentle stirring under a nitrogen
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atmosphere. The resulting magnetic PMMA beads were
separated by a permanent magnet and washed with
deionized water and ethanol several times.

Surface functionalization and activation

Two grams of magnetic PMMA beads were washed with
methanol three times, which were mixed with 80 ml of
PEG in a 250-ml three-necked flask. The temperature was
increased to 100 °C to remove water and 3 h later, 5 ml of
33% sodium methylate solution was added to the solution
mixture and maintained at 90 °C for 24 h with mild stirring.
The PEG-modified magnetic PMMA beads with plenty of
hydroxyl groups on the surface were thoroughly washed
with deionized water. Then, the PEG-modified magnetic
PMMA beads were added into the 100-ml of 20% 2-
chloroethylamine solution at pH 10 and were maintained at
60 °C for 24 h with stirring. The resulting surface amino
groups modified magnetic beads were obtained after
magnetic separation. To facilitate the covalent attachment
of the affinity ligand, the amino groups on the surface of
magnetic beads were activated with 5% (v/v) glutaralde-
hyde solution in 0.1 M of saline phosphate buffer at pH 7.4.
After agitating at 30 °C for 12 h, the glutaraldehyde-
activated magnetic beads were recovered by magnet. The
resulting magnetic beads were then washed three times with
deionized water and stored as a suspension.

Attachment of affinity ligand

Magnetic affinity beads were prepared by the covalent
attachment of p-aminobenzamidine onto the surface of the
glutaraldehyde-activated magnetic beads. The glutaralde-
hyde-activated magnetic beads (1.0 g) were dispersed in
50 ml of 0.1 M p-aminobenzamidine solution at pH 7.4.
The mixture was incubated at room temperature for 5 h.
Then the benzamidine-attached magnetic beads were
recovered by magnet and the supernatant was retained for
the residual p-aminobenzamidine concentration assay. To
remove the physically adsorbed p-aminobenzamidine, the
mixture was washed carefully by phosphate-buffered saline
four times. The desorbed amount of p-aminobenzamidine
was determined from absorbance at 295 nm of super-
natants. The equilibrium adsorption capacity based on those
chemically bound onto the magnetic beads was obtained
from calculation. The p-aminobenzamidine-attached mag-
netic beads were stored in the adsorption buffer (0.1 M of
Tris–HCl buffer at pH 8.0) until further use.

Nattokinase production

A 5% (v/v) spore suspension of Bacillus natto was added to
seed medium composed of 10 g/l of glucose, 10 g/l of yeast

extract, 1 g/l of K2HPO4·3H2O, and 0.5 g/l of
MgSO4·7H2O with a pH value of 7.0. The subsequent
cultivation lasted for 12 h at 30 °C in an orbital shaker to
obtain seed culture with an OD600 of 7 nm. Then, a 5%
(v/v) seed culture was added to the production medium
consisting of 8.0 g/l of soy peptone, 0.6 g/l of calcium
chloride, 0.8 g/l of yeast extract, 20 g/l of maltose, 2 g/l
K2HPO4·3H2O, and 1 g/l of MgSO4·7H2O. Shake flask
cultures were carried out at 30 °C in an orbital shaker. After
48 h of fermentation, the fermentation broth of nattokinase
was stored at −4 °C for further use in affinity purification
by magnetic beads.

Purification of nattokinase using magnetic affinity beads

Nattokinase was directly purified by the p-aminobenzam-
idine-attached magnetic beads from the fermentation broth.
The p-aminobenzamidine-attached magnetic beads
(100 mg) were added to a 50-ml flask and washed twice
with adsorption buffer by magnet. The washed magnetic
beads were resuspended in 10 ml of 0.1 M Tris–HCl buffer
at pH 8.0 and then 10 ml of fermentation broth was added.
The mixture was incubated with slow rotation mixing for
30 min at room temperature. The resulting magnetic beads
were washed three times with adsorption buffer by magnet
and the supernatant was removed. To elute the nattokinase,
the above magnetic beads were resuspended in 10 ml of
0.1 M ammonium acetate buffer at pH 4.0 with slow
rotation for 10 min. Then the magnetic beads were
magnetically sedimented and the supernatant, containing
purified nattokinase, was transferred to a clean flask for
nattokinase activity assay. After this step, the supernatant
obtained was concentrated with ethanol and freeze-dried.

Analysis and measurement

The morphology and structure of magnetic beads were
investigated by SEM (JSM-6700F, JEOL, Japan). The
magnetization curves of the samples were measured at
room temperature with a vibrating sample magnetometer
(VSM, model-155, Digital Measurement System). The size
distribution of magnetic beads was measured by laser
diffraction using a Coulter LS 230 (Coulter Electronics,
USA). Surface functional groups were characterized with
FTIR (Bruker, Vector 22).

Fibrinolytic activity of nattokinase was measured by the
method of fibrin hydrolysis (Liu et al. 2004). The
incubation mixture contained 2.5 ml of 12 g/l of fibrin
suspension (pH 7.8), 6.5 ml of 0.1 M Tris–HCl buffer
(containing 10 mM CaCl2, pH 7.8), and 1 ml enzyme
solution with suitable dilution. The incubation was carried
out at 37 °C for 15 min and was stopped by adding 5 ml of
0.11 M of trichloroacetic acid containing 0.22 M of sodium
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acetate and 0.33 M of acetic acid. The absorbency at
275 nm of the supernatant obtained after centrifugation was
determined. A fibrinolytic unit (U) was defined as the
amount of enzyme that gave an increase in absorbency at
275 nm, equivalent to 1 μg of tyrosine/min at 37 °C.

The percentage of total activity recovery and the
purification factor are defined as follows:

– Percentage of total activity recovery:

TA %ð Þ ¼ Aa

Ai
� 100

– Purification factor:

PF %ð Þ
Aa

CaVa

Ai
CiVi

� 100

where V, C, and A are the volume, concentration of protein,
and total nattokinase activity, respectively, and the sub-
scripts a and i mean the desorption solution from magnetic
beads and initial fermentation broth, respectively.

The protein concentration in supernatant of fermentation
broth and separated solution were determined by Coomassie
brilliant blue method (Bradford 1976) using bovine serum
albumin as the standard protein.

Sodium dodecyl sulfate–polyacrylamide gel electropho-
resis (SDS-PAGE) with 12% gel was carried out according
to the method of Laemmli (1970). Detection was done by
Coomassie brilliant blue.

Results

Characterization of magnetic beads

In conventional suspension polymerization, the size and
size distribution of droplets are only controlled by the
mechanical stirring method, so it is very difficult to control
the size and size distribution of the droplets during the
polymerization. Therefore, the magnetic polymer particles
are mostly in the size range of several hundred micrometers
with very broad size distribution. In this work, we used the
spraying method to uniformly disperse the droplets. As
expected, micron-sized magnetic PMMA beads with a
relatively narrow size distribution were obtained by SSP.
The morphology and size of the resulting magnetic beads
were measured by SEM as shown in Fig. 1. It can be seen
that the magnetic beads have a relatively narrow size
distribution with the mean size of about 8 μm.

In addition, the surface functionalization of magnetic
PMMA beads was carried out based on the transesterifica-
tion reaction in the presence of sodium methylate as a
catalyst. The –OCH3 groups on the magnetic PMMA beads
were replaced with PEG as follows:

The fact was proven by the comparison of FTIR spectra
of magnetic PMMA beads before (Fig. 2a) and after
(Fig. 2b) transesterification. Before transesterification, no
distinct band appears at around 3,400 cm−1, which shows
that no hydroxyl group exists on the surface of PMMA
beads. After transesterification, the hydroxyl (–OH) char-
acteristic vibration bands appear obviously at 3,400 cm−1 as
shown in Fig. 2b, owing to the plenty of PEG coupling to
the surface of magnetic beads.

To realize affinity ligand attachment, the PEG-modified
magnetic beads must be further modified. In the present
work, 2-chloroethylamine was covalently coupled to the
PEG-modified beads via a nucleophilic reaction between
the chloride of 2-chloroethylamine and the hydroxyl groups
on the surface of the PEG-modified magnetic beads. The

Fig. 1 SEM micrograph of magnetic PMMA beads

Fig. 2 FTIR spectra of the magnetic PMMA beads before (a) and after
(b) transesterification
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hydroxyl (–OH) groups onto the magnetic beads were
replaced with 2-chloroethylamine as follows:

The amount of available surface amino groups was
determined by surface chemical reaction method. The
amino groups of magnetic beads could be carboxymethyl-
ated by sodium salt of chloroacetic acid. This reaction
resulted in the transformation of amino groups to IDA
groups, which is a tridentate chelator and can coordinate
with many metal ions such as Cu2+, Ni2+, and Zn2+. Cu2+

was selected in this study for its high coordinate capacity
with IDA groups. To remove the physically adsorbed Cu2+,
the Cu2+-charged magnetic beads were washed carefully by
phosphate-buffered saline five times, which indicated that
the Cu2+ was immobilized onto the magnetic beads only
through chemical binding. The bound Cu2+ could be
stripped easily from the magnetic beads by using 0.5 M
of EDTA. The immobilized Cu2+ capacity is equal to the
amount released, so amino groups coordinating with Cu2+

could be quantitatively proven, and their capacity was
found to be 0.26 mmol/g of magnetic beads.

The p-aminobenzamidine is a competitive inhibitor of
serine protease and is widely used as a ligand for affinity
separation of serine protease such as trypsin (Hubbuch and
Thomas 2002). Nattokinase also belongs to the family of
serine protease. Therefore, the p-aminobenzamidine-cou-
pled magnetic beads will be the potential targets to be
developed as affinity carrier for nattokinase purification. To
facilitate the covalent attachment of affinity ligand, the
amino groups on magnetic PMMA beads were transferred
to aldehyde groups. For some biological applications, the
aldehyde groups on the surface are more reactive groups
and ready for attachment of proteins or amino groups
containing affinity ligand. In this work, affinity ligand,
p-aminobenzamidine was covalently attached onto the
glutaraldehyde-modified magnetic beads by Schiff base
linkage between aldehyde and primary amino groups. To
make the unstable Schiff base become the stable covalent
bond, the reducing agent such as NaBH4 was added after
the affinity ligand immobilization. Therefore, the magnetic
beads have the following structure and reaction equation:

To evaluate the covalent binding of affinity ligand to
magnetic beads, the PMMA, PMMA–OH, PMMA–NH2,
and PMMA–CHO magnetic beads were used in batch
attachments. The attached amount of p-aminobenzamidine
onto the different magnetic beads is shown in Fig. 3. The
former three magnetic beads showed very little attachment
of ligand, while the aldehyde group containing magnetic
beads were significantly increased due to the easier reaction
between aldehyde groups on the magnetic beads and
primary amino groups of the ligand. The attachment
capacity is about 61.2 mg/g of magnetic beads under the
experimental conditions used, as judged by three indepen-
dent tests. The high attachment capacity can be explained
that the magnetic PMMA beads prepared have some small
pores, which shows a large special area. After the magnetic
PMMA beads were modified by the long space-arm PEG,
they would have plenty of functional groups. The magnetic
properties of the unmodified and modified magnetic beads
were measured by VSM at room temperature (Yang et al.
2004). The results showed that these magnetic beads were
typically superparamagnetic and the specific saturation
magnetization of unmodified, PEG-modified, amino-modi-
fied, glutaraldehyde-modified, and ligand-attached magnet-
ic beads were found to be 17.6, 16.6, 15.5, 14.9, and
14.2 emu/g, respectively.

Fig. 3 Attachment capacity of affinity ligand on different magnetic
beads

Fig. 4 Isotherm adsorption of nattokinase on magnetic beads
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Affinity purification of nattokinase from fermentation broth

The results of the present study aimed at identifying
conditions for the affinity purification of nattokinase from
fermentation broth by p-aminobenzamidine-attached mag-
netic beads are presented in Fig. 4. It shows the change of
nattokinase affinity adsorption against the pH at the
equilibrium concentration. The pH value was varied from
6 to 11. The maximum adsorption capacity (Qmax) of
nattokinase on p-aminobenzamidine-attached magnetic
beads was found to be 908 U/g at around pH 9.0, which
is the isoelectric point (pH 8.7) of nattokinase (Takashi et
al. 1992). With the change of pH above or below the
isoelectric point, the nattokinase adsorption capacity was
decreased. The reasons can be attributed to electrostatic
repulsion effects between the identically charged groups.
As can be seen from Table 1, the equilibrium constant (Kd)
at pH 9.0 was found to be 290 U/ml. The value of the
equilibrium constant is very low, which shows that the fast
adsorption of nattokinase on the magnetic beads.

The desorption of nattokinase from magnetic beads were
accomplished using dissociation agents such as ammonium

acetate buffer (pH 4.0) in a matter of minutes. It was found
that more than 95% nattokinase would be desorbed from
the magnetic beads. The enzyme recovery of nattokinase
was more than 85% and the purification factor of the
nattokinase was about 8.7. The magnetic beads were reused
five times and they maintained the same results. It is also
evident from Fig. 5 (lane 3) that this proved to be the case
with nattokinase being successfully isolated from fermen-
tation broth in a one-step batch procedure, which took just
40 min to accomplish.

Discussion

We have succeeded in developing magnetic poly(methyl
methacrylate) beads with p-aminobenzamidine as a ligand
that could quickly purify nattokinase from fermentation
broth by external magnetic field. Compared with the
traditional suspension copolymerization method, the mag-
netic beads made by this process have the advantages of
smaller size (8 μm in mean diameter) with a relatively
narrow size distribution, and higher density of surface
functional groups. Due to the successful surface function-
alization of the magnetic beads, they have an extremely
high adsorption capacity and can bind a large amount of
nattokinase (908 U/g of magnetic beads).

There were several reports of purification of nattokinase
from fermentation broth. The traditional purification of
nattokinase requires a long period (about 2 days) due to the
multistep process. In addition, each step requires expensive
equipment and may result in a significant loss of the
enzyme activity. For the broader application of nattokinase,
development of a simple, convenient, and highly efficient
affinity selection procedure based on a magnetic separation
technique is very important.

Compared with the traditional purification methods, the
purification of nattokinase from fermentation broth by
magnetic beads only took 40 min and the purification
factor and the recovery of the enzyme activity were found
to be 8.7 and 85%, respectively. Using magnetic beads
therefore, not only saves time in purification of nattokinase,
but also significantly simplifies the selection process. As far
as we know, this method provides the best results in terms
of efficiency and required time.

In conclusion, the present study demonstrates the high
potential of a new technology that can purify nattokinase
from fermentation broth using p-aminobenzamidine immo-
bilized magnetic poly(methyl methacrylate) beads. Because
the SSP can make the droplets uniformly disperse, the
magnetic beads prepared have a relatively narrow size
distribution. After they were highly surface functionalized,
a ligand, p-aminobenzamidine, was easily immobilized
onto the magnetic beads and was effective for affinity

Table 1 Affinity adsorption of nattokinase on magnetic beads

pH Qmax (U/g) Qmax (mg protein/g) Kd (U/ml)

6.0 309 2.9 790
9.0 908 8.9 290
11.0 412 4.0 560

Fig. 5 SDS-PAGE analysis of nattokinase purified by aminobenzami-
dine attached to magnetic beads (lane 3) and fermentation broth (lane
2). A Coomassie brilliant blue stained gel is shown. Marker proteins
molecular mass (kDa) is shown on the left (lane1)
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purification of nattokinase directly from the fermentation
broth. The novel magnetic separation process based on the
p-aminobenzamidine immobilized magnetic beads is effec-
tive and applicable to the nattokinase purification from the
fermentation broth.

Acknowledgement This work was supported by the National High
Technology and Development Program of China (no. 2002AA302211).

References

Bradford MM (1976) A rapid and sensitive method for the
quantitation of microgram quantities of protein utilizing the
principle of protein-dye binding. Anal Biochem 72:248–254

Chang CT, Fan MH, Kuo FC, Sung HY (2000) Potent fibrinolytic
enzyme from a mutant of bacillus subtilis IMR-NK1. J Agric
Food Chem 48:3210–3216

Fujita M, Nomura K, Hong K, Ito Y, Asada A, Nishimuro S (1993)
Purification and characterization of a strong fibrinolytic enzyme
(nattokinase) in the vegetable cheese natto, a popular soybean
fermented food in Japan. Biochem Biophys Res Commun
197:1340–1347

Furukawa H, Shimojyo R, Ohnishi N, Fukuda H, Kondo A (2003)
Affinity selection of target cells from cell surface displayed
libraries: a novel procedure using thermo-responsive magnetic
nanoparticles. Appl Microbiol Biotechnol 62:478–483

Horák D, Shapoval P (2000) Reactive poly(glycidyl methacrylate)
microspheres prepared by dispersion polymerization. J Polym Sci
A Polym Chem 38:3855–3863

Hu HB, Yao SJ, Mei LH (2000) Partial purification of nattokinase
from Bacillus subtilis by expanded bed adsorption. Biotechnol
Lett 22:1383–1387

Hubbuch JJ, Thomas ORT (2002) High-gradient magnetic affinity
separation of trypsin from porcine pancreatin. Biotechnol Bioeng
79:301–313

Kondo A, Kamura H, Higashitani K (1994) Development and
application of thermo-sensitive magnetic immunomicrospheres
for antibody purification. Appl Microbiol Biotechnol 41:99–105

Laemmli UK (1970) Cleavage of structural proteins during the as-
sembly of the head of the bacteriophage T4. Nature 227: 680–685

Lee Y, Rho J, Jung B (2003) Preparation of magnetic ion-exchange
resins by the suspension polymerization of styrene with magne-
tite. J Appl Polym Sci 89:2058–2067

Liu JG, Xing JM, Shen R, Yang CL, Liu HZ (2004) Reverse micelles
extraction of nattokinase from fermentation broth. Biochem Eng
J 21:273–278

Nakanishi K, Nomura K, Tajima K, Hiratani H (1998) Fibrinolytic
protein and production method thereof. US Patent 5,750,650

Noriko Y, Hiromichi N, Hideki A, Tatsuo S (1993) Preparation of
magnetic latex particles by emulsion polymerization of styrene in
the presence of a ferrofluid. J Appl Polym Sci 50:765–776

Safarik I, Safarikova M (2004) Magnetic techniques for the isolation
and purification of proteins and peptides. Biomagn Res Technol
2:7–10

Saiyed ZM, Telang SD, Ramchand CN (2003) Application of
magnetic techniques in the field of drug discovery and
biomedicine. Biomagn Res Technol 1:2–6

Sumi H, Hamado H, Tsushima H, Mihara H, Murica H (1987) A
novel fibrinolytic enzyme (nattokinase) in the vegetable cheese
natto: a typical and popular soybean food in the Japanese diet.
Experientia 43:1110–1111

Sumi H, Hamada H, Nakanishi K, Hiratani H (1990) Enhancement of
the fibrinolytic activity in plasma by oral administration of
nattokinase. Acta Haematol 84:139–143

Takashi N, Yamagata Y, Ichishima E (1992) Nucleotide sequence of
the subtilisin NAT gene, aprN of bacillus subtilis (natto). Biosci
Biotechnol Biochem 56:1869–1871

Ugelstad J, Ellingsen T, Berge A, Helgee B (1983) Magnetic polymer
particles. PCT Int Appl, WO Patent 8303920

Urano T, Ihara H, Umemura K, Suzuki Y, Oike M, Akita S, Tskamoto
Y, Suzuki I, Takada A (2001) The profibrinolytic enzyme
subtilisin NAT purified from Bacillus subtilis cleaves and
inactivates plasminogen activator inhibitor type 1. J Biol Chem
276:24690–24696

Yang CL, Xing JM, Guan YP, Liu JG, Liu HZ (2004) Synthesis and
characterization of superparamagnetic iron nanocomposites by
hydrazine reduction. J Alloys Compd 385:283–287

Yang CL, Guan YP, Xing JM, Liu JG, An ZT, Liu HZ (2005)
Preparation of magnetic polystyrene microspheres with a narrow
size distribution. AIChE J 51:2011–2015

622 Appl Microbiol Biotechnol (2006) 72:616–622


	Superparamagnetic poly(methyl methacrylate) beads �for nattokinase purification from fermentation broth
	Abstract
	Introduction
	Materials and methods
	Materials
	Preparation of Fe3O4 nanoparticles coated with oleic acid
	Preparation of magnetic PMMA beads
	Surface functionalization and activation
	Attachment of affinity ligand
	Nattokinase production
	Purification of nattokinase using magnetic affinity beads
	Analysis and measurement

	Results
	Characterization of magnetic beads
	Affinity purification of nattokinase from fermentation broth

	Discussion
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AardvarkPSMT
    /AceBinghamSH
    /AddisonLibbySH
    /AGaramond-Italic
    /AGaramond-Regular
    /AkbarPlain
    /Albertus-Bold
    /AlbertusExtraBold-Regular
    /AlbertusMedium-Italic
    /AlbertusMedium-Regular
    /AlfonsoWhiteheadSH
    /Algerian
    /AllegroBT-Regular
    /AmarilloUSAF
    /AmazoneBT-Regular
    /AmeliaBT-Regular
    /AmerigoBT-BoldA
    /AmerTypewriterITCbyBT-Medium
    /AndaleMono
    /AndyMacarthurSH
    /Animals
    /AnneBoleynSH
    /Annifont
    /AntiqueOlive-Bold
    /AntiqueOliveCompact-Regular
    /AntiqueOlive-Italic
    /AntiqueOlive-Regular
    /AntonioMountbattenSH
    /ArabiaPSMT
    /AradLevelVI
    /ArchitecturePlain
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMTBlack-Regular
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeLight
    /ArialUnicodeLight-Bold
    /ArialUnicodeLight-BoldItalic
    /ArialUnicodeLight-Italic
    /ArrowsAPlentySH
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /Asiana
    /AssadSadatSH
    /AvalonPSMT
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /AvantGardeITCbyBT-Demi
    /AvantGardeITCbyBT-DemiOblique
    /AvantGardeITCbyBT-Medium
    /AvantGardeITCbyBT-MediumOblique
    /BankGothicBT-Light
    /BankGothicBT-Medium
    /Baskerville-Bold
    /Baskerville-Normal
    /Baskerville-Normal-Italic
    /BaskOldFace
    /Bauhaus93
    /Bavand
    /BazookaRegular
    /BeauTerrySH
    /BECROSS
    /BedrockPlain
    /BeeskneesITC
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BenguiatITCbyBT-Bold
    /BenguiatITCbyBT-BoldItalic
    /BenguiatITCbyBT-Book
    /BenguiatITCbyBT-BookItalic
    /BennieGoetheSH
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardBoldCondensedBT-Regular
    /BernhardFashionBT-Regular
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /Bethel
    /BibiGodivaSH
    /BibiNehruSH
    /BKenwood-Regular
    /BlackadderITC-Regular
    /BlondieBurtonSH
    /BodoniBlack-Regular
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /BodoniBT-Bold
    /BodoniBT-BoldItalic
    /BodoniBT-Italic
    /BodoniBT-Roman
    /Bodoni-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Regular
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolFive
    /BookshelfSymbolFour
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /BookwomanDemiItalicSH
    /BookwomanDemiSH
    /BookwomanExptLightSH
    /BookwomanLightItalicSH
    /BookwomanLightSH
    /BookwomanMonoLightSH
    /BookwomanSwashDemiSH
    /BookwomanSwashLightSH
    /BoulderRegular
    /BradleyHandITC
    /Braggadocio
    /BrailleSH
    /BRectangular
    /BremenBT-Bold
    /BritannicBold
    /Broadview
    /Broadway
    /BroadwayBT-Regular
    /BRubber
    /Brush445BT-Regular
    /BrushScriptMT
    /BSorbonna
    /BStranger
    /BTriumph
    /BuckyMerlinSH
    /BusoramaITCbyBT-Medium
    /Caesar
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-Italic
    /CalligrapherRegular
    /CameronStendahlSH
    /Candy
    /CandyCaneUnregistered
    /CankerSore
    /CarlTellerSH
    /CarrieCattSH
    /CaslonOpenfaceBT-Regular
    /CassTaylorSH
    /CDOT
    /Centaur
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturyOldStyle-BoldItalic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Cezanne
    /CGOmega-Bold
    /CGOmega-BoldItalic
    /CGOmega-Italic
    /CGOmega-Regular
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /Charting
    /ChartreuseParsonsSH
    /ChaseCallasSH
    /ChasThirdSH
    /ChaucerRegular
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /ChildBonaparteSH
    /Chiller-Regular
    /ChuckWarrenChiselSH
    /ChuckWarrenDesignSH
    /CityBlueprint
    /Clarendon-Bold
    /Clarendon-Book
    /ClarendonCondensedBold
    /ClarendonCondensed-Bold
    /ClarendonExtended-Bold
    /ClassicalGaramondBT-Bold
    /ClassicalGaramondBT-BoldItalic
    /ClassicalGaramondBT-Italic
    /ClassicalGaramondBT-Roman
    /ClaudeCaesarSH
    /CLI
    /Clocks
    /ClosetoMe
    /CluKennedySH
    /CMBX10
    /CMBX5
    /CMBX7
    /CMEX10
    /CMMI10
    /CMMI5
    /CMMI7
    /CMMIB10
    /CMR10
    /CMR5
    /CMR7
    /CMSL10
    /CMSY10
    /CMSY5
    /CMSY7
    /CMTI10
    /CMTT10
    /CoffeeCamusInitialsSH
    /ColetteColeridgeSH
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CommercialPiBT-Regular
    /CommercialScriptBT-Regular
    /Complex
    /CooperBlack
    /CooperBT-BlackHeadline
    /CooperBT-BlackItalic
    /CooperBT-Bold
    /CooperBT-BoldItalic
    /CooperBT-Medium
    /CooperBT-MediumItalic
    /CooperPlanck2LightSH
    /CooperPlanck4SH
    /CooperPlanck6BoldSH
    /CopperplateGothicBT-Bold
    /CopperplateGothicBT-Roman
    /CopperplateGothicBT-RomanCond
    /CopticLS
    /Cornerstone
    /Coronet
    /CoronetItalic
    /Cotillion
    /CountryBlueprint
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CSSubscript
    /CSSubscriptBold
    /CSSubscriptItalic
    /CSSuperscript
    /CSSuperscriptBold
    /Cuckoo
    /CurlzMT
    /CybilListzSH
    /CzarBold
    /CzarBoldItalic
    /CzarItalic
    /CzarNormal
    /DauphinPlain
    /DawnCastleBold
    /DawnCastlePlain
    /Dekker
    /DellaRobbiaBT-Bold
    /DellaRobbiaBT-Roman
    /Denmark
    /Desdemona
    /Diploma
    /DizzyDomingoSH
    /DizzyFeiningerSH
    /DocTermanBoldSH
    /DodgenburnA
    /DodoCasalsSH
    /DodoDiogenesSH
    /DomCasualBT-Regular
    /Durian-Republik
    /Dutch801BT-Bold
    /Dutch801BT-BoldItalic
    /Dutch801BT-ExtraBold
    /Dutch801BT-Italic
    /Dutch801BT-Roman
    /EBT's-cmbx10
    /EBT's-cmex10
    /EBT's-cmmi10
    /EBT's-cmmi5
    /EBT's-cmmi7
    /EBT's-cmr10
    /EBT's-cmr5
    /EBT's-cmr7
    /EBT's-cmsy10
    /EBT's-cmsy5
    /EBT's-cmsy7
    /EdithDaySH
    /Elephant-Italic
    /Elephant-Regular
    /EmGravesSH
    /EngelEinsteinSH
    /English111VivaceBT-Regular
    /English157BT-Regular
    /EngraversGothicBT-Regular
    /EngraversOldEnglishBT-Bold
    /EngraversOldEnglishBT-Regular
    /EngraversRomanBT-Bold
    /EngraversRomanBT-Regular
    /EnviroD
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErasITC-Ultra
    /ErnestBlochSH
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EuroRoman
    /EuroRomanOblique
    /ExxPresleySH
    /FencesPlain
    /Fences-Regular
    /FifthAvenue
    /FigurineCrrCB
    /FigurineCrrCBBold
    /FigurineCrrCBBoldItalic
    /FigurineCrrCBItalic
    /FigurineTmsCB
    /FigurineTmsCBBold
    /FigurineTmsCBBoldItalic
    /FigurineTmsCBItalic
    /FillmoreRegular
    /Fitzgerald
    /Flareserif821BT-Roman
    /FleurFordSH
    /Fontdinerdotcom
    /FontdinerdotcomSparkly
    /FootlightMTLight
    /ForefrontBookObliqueSH
    /ForefrontBookSH
    /ForefrontDemiObliqueSH
    /ForefrontDemiSH
    /Fortress
    /FractionsAPlentySH
    /FrakturPlain
    /Franciscan
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /FranklinUnic
    /FredFlahertySH
    /Freehand575BT-RegularB
    /Freehand591BT-RegularA
    /FreestyleScript-Regular
    /Frutiger-Roman
    /FTPMultinational
    /FTPMultinational-Bold
    /FujiyamaPSMT
    /FuturaBlackBT-Regular
    /FuturaBT-Bold
    /FuturaBT-BoldCondensed
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-ExtraBlack
    /FuturaBT-ExtraBlackCondensed
    /FuturaBT-ExtraBlackCondItalic
    /FuturaBT-ExtraBlackItalic
    /FuturaBT-Light
    /FuturaBT-LightItalic
    /FuturaBT-Medium
    /FuturaBT-MediumCondensed
    /FuturaBT-MediumItalic
    /GabbyGauguinSH
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Antiqua
    /Garamond-Bold
    /Garamond-Halbfett
    /Garamond-Italic
    /Garamond-Kursiv
    /Garamond-KursivHalbfett
    /Garcia
    /GarryMondrian3LightItalicSH
    /GarryMondrian3LightSH
    /GarryMondrian4BookItalicSH
    /GarryMondrian4BookSH
    /GarryMondrian5SBldItalicSH
    /GarryMondrian5SBldSH
    /GarryMondrian6BoldItalicSH
    /GarryMondrian6BoldSH
    /GarryMondrian7ExtraBoldSH
    /GarryMondrian8UltraSH
    /GarryMondrianCond3LightSH
    /GarryMondrianCond4BookSH
    /GarryMondrianCond5SBldSH
    /GarryMondrianCond6BoldSH
    /GarryMondrianCond7ExtraBoldSH
    /GarryMondrianCond8UltraSH
    /GarryMondrianExpt3LightSH
    /GarryMondrianExpt4BookSH
    /GarryMondrianExpt5SBldSH
    /GarryMondrianExpt6BoldSH
    /GarryMondrianSwashSH
    /Gaslight
    /GatineauPSMT
    /Gautami
    /GDT
    /Geometric231BT-BoldC
    /Geometric231BT-LightC
    /Geometric231BT-RomanC
    /GeometricSlab703BT-Bold
    /GeometricSlab703BT-BoldCond
    /GeometricSlab703BT-BoldItalic
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /GeometricSlab703BT-Medium
    /GeometricSlab703BT-MediumCond
    /GeometricSlab703BT-MediumItalic
    /GeometricSlab703BT-XtraBold
    /GeorgeMelvilleSH
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSansBC
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSansCondensed-Bold
    /GillSansCondensed-Regular
    /GillSansExtraBold-Regular
    /GillSans-Italic
    /GillSansLight-Italic
    /GillSansLight-Regular
    /GillSans-Regular
    /GoldMinePlain
    /Gonzo
    /GothicE
    /GothicG
    /GothicI
    /GoudyHandtooledBT-Regular
    /GoudyOldStyle-Bold
    /GoudyOldStyle-BoldItalic
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleExtrabold-Regular
    /GoudyOldStyle-Italic
    /GoudyOldStyle-Regular
    /GoudySansITCbyBT-Bold
    /GoudySansITCbyBT-BoldItalic
    /GoudySansITCbyBT-Medium
    /GoudySansITCbyBT-MediumItalic
    /GraceAdonisSH
    /Graeca
    /Graeca-Bold
    /Graeca-BoldItalic
    /Graeca-Italic
    /Graphos-Bold
    /Graphos-BoldItalic
    /Graphos-Italic
    /Graphos-Regular
    /GreekC
    /GreekS
    /GreekSans
    /GreekSans-Bold
    /GreekSans-BoldOblique
    /GreekSans-Oblique
    /Griffin
    /GrungeUpdate
    /Haettenschweiler
    /HankKhrushchevSH
    /HarlowSolid
    /HarpoonPlain
    /Harrington
    /HeatherRegular
    /Hebraica
    /HeleneHissBlackSH
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HenryPatrickSH
    /Herald
    /HighTowerText-Italic
    /HighTowerText-Reg
    /HogBold-HMK
    /HogBook-HMK
    /HomePlanning
    /HomePlanning2
    /HomewardBoundPSMT
    /Humanist521BT-Bold
    /Humanist521BT-BoldCondensed
    /Humanist521BT-BoldItalic
    /Humanist521BT-Italic
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-Roman
    /Humanist521BT-RomanCondensed
    /IBMPCDOS
    /IceAgeD
    /Impact
    /Incised901BT-Bold
    /Incised901BT-Light
    /Incised901BT-Roman
    /Industrial736BT-Italic
    /Informal011BT-Roman
    /InformalRoman-Regular
    /Intrepid
    /IntrepidBold
    /IntrepidOblique
    /Invitation
    /IPAExtras
    /IPAExtras-Bold
    /IPAHighLow
    /IPAHighLow-Bold
    /IPAKiel
    /IPAKiel-Bold
    /IPAKielSeven
    /IPAKielSeven-Bold
    /IPAsans
    /ISOCP
    /ISOCP2
    /ISOCP3
    /ISOCT
    /ISOCT2
    /ISOCT3
    /Italic
    /ItalicC
    /ItalicT
    /JesterRegular
    /Jokerman-Regular
    /JotMedium-HMK
    /JuiceITC-Regular
    /JupiterPSMT
    /KabelITCbyBT-Book
    /KabelITCbyBT-Ultra
    /KarlaJohnson5CursiveSH
    /KarlaJohnson5RegularSH
    /KarlaJohnson6BoldCursiveSH
    /KarlaJohnson6BoldSH
    /KarlaJohnson7ExtraBoldCursiveSH
    /KarlaJohnson7ExtraBoldSH
    /KarlKhayyamSH
    /Karnack
    /Kartika
    /Kashmir
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KeplerStd-Black
    /KeplerStd-BlackIt
    /KeplerStd-Bold
    /KeplerStd-BoldIt
    /KeplerStd-Italic
    /KeplerStd-Light
    /KeplerStd-LightIt
    /KeplerStd-Medium
    /KeplerStd-MediumIt
    /KeplerStd-Regular
    /KeplerStd-Semibold
    /KeplerStd-SemiboldIt
    /KeystrokeNormal
    /Kidnap
    /KidsPlain
    /Kindergarten
    /KinoMT
    /KissMeKissMeKissMe
    /KoalaPSMT
    /KorinnaITCbyBT-Bold
    /KorinnaITCbyBT-KursivBold
    /KorinnaITCbyBT-KursivRegular
    /KorinnaITCbyBT-Regular
    /KristenITC-Regular
    /Kristin
    /KunstlerScript
    /KyotoSong
    /LainieDaySH
    /LandscapePlanning
    /Lapidary333BT-Bold
    /Lapidary333BT-BoldItalic
    /Lapidary333BT-Italic
    /Lapidary333BT-Roman
    /Latha
    /LatinoPal3LightItalicSH
    /LatinoPal3LightSH
    /LatinoPal4ItalicSH
    /LatinoPal4RomanSH
    /LatinoPal5DemiItalicSH
    /LatinoPal5DemiSH
    /LatinoPal6BoldItalicSH
    /LatinoPal6BoldSH
    /LatinoPal7ExtraBoldSH
    /LatinoPal8BlackSH
    /LatinoPalCond4RomanSH
    /LatinoPalCond5DemiSH
    /LatinoPalCond6BoldSH
    /LatinoPalExptRomanSH
    /LatinoPalSwashSH
    /LatinWidD
    /LatinWide
    /LeeToscanini3LightSH
    /LeeToscanini5RegularSH
    /LeeToscanini7BoldSH
    /LeeToscanini9BlackSH
    /LeeToscaniniInlineSH
    /LetterGothic12PitchBT-Bold
    /LetterGothic12PitchBT-BoldItal
    /LetterGothic12PitchBT-Italic
    /LetterGothic12PitchBT-Roman
    /LetterGothic-Bold
    /LetterGothic-BoldItalic
    /LetterGothic-Italic
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Regular
    /LibrarianRegular
    /LinusPSMT
    /Lithograph-Bold
    /LithographLight
    /LongIsland
    /LubalinGraphMdITCTT
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSansUnicode
    /LydianCursiveBT-Regular
    /Magneto-Bold
    /Mangal-Regular
    /Map-Symbols
    /MarcusHobbesSH
    /Mariah
    /Marigold
    /MaritaMedium-HMK
    /MaritaScript-HMK
    /Market
    /MartinMaxxieSH
    /MathTypeMed
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /MaudeMeadSH
    /MemorandumPSMT
    /Metro
    /Metrostyle-Bold
    /MetrostyleExtended-Bold
    /MetrostyleExtended-Regular
    /Metrostyle-Regular
    /MicrogrammaD-BoldExte
    /MicrosoftSansSerif
    /MikePicassoSH
    /MiniPicsLilEdibles
    /MiniPicsLilFolks
    /MiniPicsLilStuff
    /MischstabPopanz
    /MisterEarlBT-Regular
    /Mistral
    /ModerneDemi
    /ModerneDemiOblique
    /ModerneOblique
    /ModerneRegular
    /Modern-Regular
    /MonaLisaRecutITC-Normal
    /Monospace821BT-Bold
    /Monospace821BT-BoldItalic
    /Monospace821BT-Italic
    /Monospace821BT-Roman
    /Monotxt
    /MonotypeCorsiva
    /MonotypeSorts
    /MorrisonMedium
    /MorseCode
    /MotorPSMT
    /MSAM10
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MSReference1
    /MSReference2
    /MTEX
    /MTEXB
    /MTEXH
    /MT-Extra
    /MTGU
    /MTGUB
    /MTLS
    /MTLSB
    /MTMI
    /MTMIB
    /MTMIH
    /MTMS
    /MTMSB
    /MTMUB
    /MTMUH
    /MTSY
    /MTSYB
    /MTSYH
    /MT-Symbol
    /MTSYN
    /Music
    /MVBoli
    /MysticalPSMT
    /NagHammadiLS
    /NealCurieRuledSH
    /NealCurieSH
    /NebraskaPSMT
    /Neuropol-Medium
    /NevisonCasD
    /NewMilleniumSchlbkBoldItalicSH
    /NewMilleniumSchlbkBoldSH
    /NewMilleniumSchlbkExptSH
    /NewMilleniumSchlbkItalicSH
    /NewMilleniumSchlbkRomanSH
    /News702BT-Bold
    /News702BT-Italic
    /News702BT-Roman
    /Newton
    /NewZuricaBold
    /NewZuricaItalic
    /NewZuricaRegular
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NigelSadeSH
    /Nirvana
    /NuptialBT-Regular
    /OCRAbyBT-Regular
    /OfficePlanning
    /OldCentury
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OpenSymbol
    /OttawaPSMT
    /OttoMasonSH
    /OzHandicraftBT-Roman
    /OzzieBlack-Italic
    /OzzieBlack-Regular
    /PalatiaBold
    /PalatiaItalic
    /PalatiaRegular
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /PalmSpringsPSMT
    /Pamela
    /PanRoman
    /ParadisePSMT
    /ParagonPSMT
    /ParamountBold
    /ParamountItalic
    /ParamountRegular
    /Parchment-Regular
    /ParisianBT-Regular
    /ParkAvenueBT-Regular
    /Patrick
    /Patriot
    /PaulPutnamSH
    /PcEncodingLowerSH
    /PcEncodingSH
    /Pegasus
    /PenguinLightPSMT
    /PennSilvaSH
    /Percival
    /PerfectRegular
    /Pfn2BlackItalic
    /Phantom
    /PhilSimmonsSH
    /Pickwick
    /PipelinePlain
    /Playbill
    /PoorRichard-Regular
    /Poster
    /PosterBodoniBT-Italic
    /PosterBodoniBT-Roman
    /Pristina-Regular
    /Proxy1
    /Proxy2
    /Proxy3
    /Proxy4
    /Proxy5
    /Proxy6
    /Proxy7
    /Proxy8
    /Proxy9
    /Prx1
    /Prx2
    /Prx3
    /Prx4
    /Prx5
    /Prx6
    /Prx7
    /Prx8
    /Prx9
    /Pythagoras
    /Raavi
    /Ranegund
    /Ravie
    /Ribbon131BT-Bold
    /RMTMI
    /RMTMIB
    /RMTMIH
    /RMTMUB
    /RMTMUH
    /RobWebsterExtraBoldSH
    /Rockwell
    /Rockwell-Bold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /RomanC
    /RomanD
    /RomanS
    /RomanT
    /Romantic
    /RomanticBold
    /RomanticItalic
    /Sahara
    /SalTintorettoSH
    /SamBarberInitialsSH
    /SamPlimsollSH
    /SansSerif
    /SansSerifBold
    /SansSerifBoldOblique
    /SansSerifOblique
    /Sceptre
    /ScribbleRegular
    /ScriptC
    /ScriptHebrew
    /ScriptS
    /Semaphore
    /SerifaBT-Black
    /SerifaBT-Bold
    /SerifaBT-Italic
    /SerifaBT-Roman
    /SerifaBT-Thin
    /Sfn2Bold
    /Sfn3Italic
    /ShelleyAllegroBT-Regular
    /ShelleyVolanteBT-Regular
    /ShellyMarisSH
    /SherwoodRegular
    /ShlomoAleichemSH
    /ShotgunBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SignatureRegular
    /Signboard
    /SignetRoundhandATT-Italic
    /SignetRoundhand-Italic
    /SignLanguage
    /Signs
    /Simplex
    /SissyRomeoSH
    /SlimStravinskySH
    /SnapITC-Regular
    /SnellBT-Bold
    /Socket
    /Sonate
    /SouvenirITCbyBT-Demi
    /SouvenirITCbyBT-DemiItalic
    /SouvenirITCbyBT-Light
    /SouvenirITCbyBT-LightItalic
    /SpruceByingtonSH
    /SPSFont1Medium
    /SPSFont2Medium
    /SPSFont3Medium
    /SpsFont4Medium
    /SPSFont4Medium
    /SPSFont5Normal
    /SPSScript
    /SRegular
    /Staccato222BT-Regular
    /StageCoachRegular
    /StandoutRegular
    /StarTrekNextBT-ExtraBold
    /StarTrekNextPiBT-Regular
    /SteamerRegular
    /Stencil
    /StencilBT-Regular
    /Stewardson
    /Stonehenge
    /StopD
    /Storybook
    /Strict
    /Strider-Regular
    /StuyvesantBT-Regular
    /StylusBT
    /StylusRegular
    /SubwayRegular
    /SueVermeer4LightItalicSH
    /SueVermeer4LightSH
    /SueVermeer5MedItalicSH
    /SueVermeer5MediumSH
    /SueVermeer6DemiItalicSH
    /SueVermeer6DemiSH
    /SueVermeer7BoldItalicSH
    /SueVermeer7BoldSH
    /SunYatsenSH
    /SuperFrench
    /SuzanneQuillSH
    /Swiss721-BlackObliqueSWA
    /Swiss721-BlackSWA
    /Swiss721BT-Black
    /Swiss721BT-BlackCondensed
    /Swiss721BT-BlackCondensedItalic
    /Swiss721BT-BlackExtended
    /Swiss721BT-BlackItalic
    /Swiss721BT-BlackOutline
    /Swiss721BT-Bold
    /Swiss721BT-BoldCondensed
    /Swiss721BT-BoldCondensedItalic
    /Swiss721BT-BoldCondensedOutline
    /Swiss721BT-BoldExtended
    /Swiss721BT-BoldItalic
    /Swiss721BT-BoldOutline
    /Swiss721BT-Italic
    /Swiss721BT-ItalicCondensed
    /Swiss721BT-Light
    /Swiss721BT-LightCondensed
    /Swiss721BT-LightCondensedItalic
    /Swiss721BT-LightExtended
    /Swiss721BT-LightItalic
    /Swiss721BT-Roman
    /Swiss721BT-RomanCondensed
    /Swiss721BT-RomanExtended
    /Swiss721BT-Thin
    /Swiss721-LightObliqueSWA
    /Swiss721-LightSWA
    /Swiss911BT-ExtraCompressed
    /Swiss921BT-RegularA
    /Syastro
    /Sylfaen
    /Symap
    /Symath
    /SymbolGreek
    /SymbolGreek-Bold
    /SymbolGreek-BoldItalic
    /SymbolGreek-Italic
    /SymbolGreekP
    /SymbolGreekP-Bold
    /SymbolGreekP-BoldItalic
    /SymbolGreekP-Italic
    /SymbolGreekPMono
    /SymbolMT
    /SymbolProportionalBT-Regular
    /SymbolsAPlentySH
    /Symeteo
    /Symusic
    /Tahoma
    /Tahoma-Bold
    /TahomaItalic
    /TamFlanahanSH
    /Technic
    /TechnicalItalic
    /TechnicalPlain
    /TechnicBold
    /TechnicLite
    /Tekton-Bold
    /Teletype
    /TempsExptBoldSH
    /TempsExptItalicSH
    /TempsExptRomanSH
    /TempsSwashSH
    /TempusSansITC
    /TessHoustonSH
    /TexCatlinObliqueSH
    /TexCatlinSH
    /Thrust
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldOblique
    /Times-ExtraBold
    /Times-Italic
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Oblique
    /Times-Roman
    /Times-Semibold
    /Times-SemiboldItalic
    /TimesUnic-Bold
    /TimesUnic-BoldItalic
    /TimesUnic-Italic
    /TimesUnic-Regular
    /TonyWhiteSH
    /TransCyrillic
    /TransCyrillic-Bold
    /TransCyrillic-BoldItalic
    /TransCyrillic-Italic
    /Transistor
    /Transitional521BT-BoldA
    /Transitional521BT-CursiveA
    /Transitional521BT-RomanA
    /TranslitLS
    /TranslitLS-Bold
    /TranslitLS-BoldItalic
    /TranslitLS-Italic
    /TransRoman
    /TransRoman-Bold
    /TransRoman-BoldItalic
    /TransRoman-Italic
    /TransSlavic
    /TransSlavic-Bold
    /TransSlavic-BoldItalic
    /TransSlavic-Italic
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /TribuneBold
    /TribuneItalic
    /TribuneRegular
    /Tristan
    /TrotsLight-HMK
    /TrotsMedium-HMK
    /TubularRegular
    /Tunga-Regular
    /Txt
    /TypoUprightBT-Regular
    /UmbraBT-Regular
    /UmbrellaPSMT
    /UncialLS
    /Unicorn
    /UnicornPSMT
    /Univers
    /UniversalMath1BT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Italic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-CondensedOblique
    /UniversExtended-Bold
    /UniversExtended-BoldItalic
    /UniversExtended-Medium
    /UniversExtended-MediumItalic
    /Univers-Italic
    /UniversityRomanBT-Regular
    /UniversLightCondensed-Italic
    /UniversLightCondensed-Regular
    /Univers-Medium
    /Univers-MediumItalic
    /URWWoodTypD
    /USABlackPSMT
    /USALightPSMT
    /Vagabond
    /Venetian301BT-Demi
    /Venetian301BT-DemiItalic
    /Venetian301BT-Italic
    /Venetian301BT-Roman
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /VinetaBT-Regular
    /Vivaldii
    /VladimirScript
    /VoguePSMT
    /Vrinda
    /WaldoIconsNormalA
    /WaltHarringtonSH
    /Webdings
    /Weiland
    /WesHollidaySH
    /Wingdings-Regular
    /WP-HebrewDavid
    /XavierPlatoSH
    /YuriKaySH
    /ZapfChanceryITCbyBT-Bold
    /ZapfChanceryITCbyBT-Medium
    /ZapfDingbatsITCbyBT-Regular
    /ZapfElliptical711BT-Bold
    /ZapfElliptical711BT-BoldItalic
    /ZapfElliptical711BT-Italic
    /ZapfElliptical711BT-Roman
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZappedChancellorMedItalicSH
    /ZurichBT-BlackExtended
    /ZurichBT-Bold
    /ZurichBT-BoldCondensed
    /ZurichBT-BoldCondensedItalic
    /ZurichBT-BoldItalic
    /ZurichBT-ExtraCondensed
    /ZurichBT-Italic
    /ZurichBT-ItalicCondensed
    /ZurichBT-Light
    /ZurichBT-LightCondensed
    /ZurichBT-Roman
    /ZurichBT-RomanCondensed
    /ZurichBT-RomanExtended
    /ZurichBT-UltraBlackExtended
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


