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Abstract Phenylalanine dehydrogenase (L-PheDH) from Sporosarcina ureae was immobilized
on DEAE-cellulose, modified initially with 2-amino-4,6-dichloro-s-triazine followed by
hexamethylenediamine and glutaraldehyde. The highest activity of immobilized PheDH was
determined as 95.75 U/g support with 56% retained activity. The optimum pH value of
immobilized L-PheDH was shifted from pH 10.4 to 11.0. The immobilized L-PheDH showed
activity variations close to the maximum value in a wider temperature range of 45–55 °C,
whereas it was 40 °C for the native enzyme. The pH and the thermal stability of the
immobilized L-PheDH were also better than the native enzyme. At pH 10.4 and 25 °C, Km

values of the native and the immobilized L-PheDH were determined as Km Phe=0.118,
0.063 mM and Km NAD

+=0.234, 0.128 mM, respectively. Formed NADH at the exit of packed
bed reactor column was detected by the flow-injection analysis system. The conversion
efficiency of the reactor was found to be 100% in the range of 5–600 μM Phe at 9 mM NAD+

with a total flow rate of 0.1 mL/min. The reactor was used for the analyses of 30 samples each
for 3 h per day. The half-life period of the reactor was 15 days.
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Packed bed reactor . Immobilization

Introduction

Phenylketonuria (PKU) is an inborn error of amino acid metabolism in which the conversion of
L-phenylalanine (L-Phe) to L-tyrosine is impaired and can cause profound mental retardation if
not detected and treated soon after birth [1]. This disease is due to an autosomal recessive
inheritance that codes for a type of phenylalanine hydroxylase with reduced enzymatic
activity, resulting in high levels of L-Phe in inborn fluid and phenylpyruvate in urine [2].
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Early quantitative measurement of the plasma L-Phe is essential for the diagnosis of PKU and
the control of dietary therapy of the patients [3, 4]. In this sense, diagnosis of PKU has drawn
special attention [5–7]. This disease is generally detected in neonatal screening through the
bacterial inhibition assay, but this method has low analytical sensitivity and poor precision
[8]. During the past decade, analytical L-Phe level assessment procedures that use fluorimetry
[9], high-performance liquid chromatography [10], or tandem mass spectrometry have been
developed and used for screening PKU extensively [11]. However, these methods are not
suitable for routine clinical analysis, as they are time consuming and require complex, tedious
sample preparation. They also need highly sophisticated instrumentation and therefore are
inconvenient and economical. An alternative method is based on spectrophotometric
determination of L-Phe by using NAD+-dependent phenylalanine dehydrogenase (PheDH)
detected in Brevibacterium sp. [12]. This enzyme constitutes a valuable analytical tool for the
colorimetric screening of PKU [13] and has been also proposed as biocatalyst for the
enantioselective synthesis of L-Phe [13, 14]. However, the application of L-PheDH is
practically limited by its rapid temperature-dependent inactivation [15]. In order to increase its
stability and economical application, special attention is currently devoted on the modification
and the immobilization of L-PheDH. For instance, L-PheDH immobilization on tresylated
poly(vinyl alcohol) beads [16], modification with cyclodextrin derivatives [17], biosensor
coated amino-activated cellulose membrane by cross-linking with glutaraldehyde (GDA) [18],
L-adamantanyl modified L-PheDH immobilization on β-cyclodextrins coated Au electrode
[19], and carbon paste electrode with 3,4-dihydroxybenzaldehyde as an electron mediator
[20] can be given as examples to the limited research in this area.

The aim of this study was the immobilization and characterization of L-PheDH from
Sporosarcina ureae on modified DEAE-cellulose and its application in a flow-injection
system contained in a packed bed reactor for determination of L-Phe level in plasma which
enzymatic reaction involved via spectrophotometer.

Materials and Methods

Modification of DEAE-Cellulose and Immobilization of L-PheDH

DEAE-cellulose was treated initially with 2-amino-4,6-dichloro-s-triazine followed by
hexamethylenediamine and GDA under optimum conditions, as described in [21].

Immobilization of L-PheDH from S. ureae on modified DEAE-cellulose (20 mg) as a
support was carried out in a total volume of 1 mL with varying amounts of L-PheDH in
50 mM phosphate buffer at pH 7.5 by shaking at +4 °C, overnight. This procedure was
repeated in the presence of 2% of GDA as a cross-linking agent.

To elute the free and adsorbed enzyme, the immobilized L-PheDH samples were washed
initially with KCl of increasing and then decreasing ionic strengths, prepared in 50 mM
phosphate buffer, at pH 7.5, until no absorption at 280 nm was detected in the effluent. The
amount of covalent bound L-PheDH on the modified support was calculated using the
deference between the protein amount at the beginning and elusion medium with Bradford
method by using bovine serum albumin as standard [22].

Activity Measurements for Native and Immobilized L-PheDH

The enzymatic activities of native L-PheDH (1.4.1.20) were measured in a 1.0-mL reaction
mixture 100 mM glycine/KCI/KOH, pH 10.4, containing 2.5 mM NAD+ and 10 mM L-Phe
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at 340 nm and 30 °C [23]. The activity of the native L-PheDH was 9.1 U mg−1 min−1 under
standard assay condition.

The enzymatic activities of immobilized L-PheDH (20 mg) were measured also under
the same condition after incubation in 4 mL of the reaction medium for 5 min. At the end of
this period, they were removed quickly by vacuum filtration.

One international unit is defined as micromole NADH formed per minute under defined assay
conditions by the oxidative deamination activity of 1 mg native or 1 g immobilized PheDH.

Plasma of blood samples was taken from the PKU patients whose diets are periodically
controlled at the Hospital of Dokuz Eylul University. To obtain the plasma, the blood
samples in 1.8 mg ml−1 EDTA contained tube were centrifuged at 3,000 rpm (4,000×g) for
10 min. In the following step, the plasma samples were deproteinized with an equal volume
of perchloric acid (1.5 mol/L) and centrifuged at the same condition. The obtained
supernatant was stored at −86 °C. The application of the deproteinized samples in the flow-
injection analysis (FIA) system was carried out after the samples were filtered through an
ultrafiltration membrane (nominal molecular weight cutoff, 10,000).

At the end of the daily studying period of the FIA system, the immobilized L-PheDH in
the reactor was washed with 10% glycerol in 50 mM phosphate buffer at pH 7.5 and stored
in a refrigerator until use.

The results were controlled by Biochrom 30 using an autoloader in the waste samples
after applications in the FIA system.

Flow System and Procedure

In the flow cell system, substrate or plasma samples (50 μL)were pumped by a peristaltic pump
(0.1 mLmin−1) via an automatic injector. Phosphate buffer streams carrying L-Phe and NAD+

were passed through a column (30×3 mm, i.d.) packed with immobilized L-PheDH at 25 °C
after being mixed (Fig. 1). NADH level formed in the packed bed reactor was measured with

Fig. 1 Schematic diagram of flow-injection analysis system (FIA) for determination of L-Phe. (1) 10 mM
NAD+ solution in water; (2) 2% (v/v) glycerol in phosphate buffer solution for dilution of NAD+; (3) sample
carrier buffer solution; MC mixing coil; sample injection (50 μL); immobilized L-PheDH column (30×3 mm,
i.d.) in water-bath at 25 °C; spectrophotometry with a flow cell (150 μL)
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spectrophotometer at 340 nm in the flow-injection system (150 μL). Formed NADH level at
the exit of the packed bed reactor was measured by spectrophotometer with the flow-through
cell (150 μL) at 340 nm.

Precision, Accuracy, and Sensitivity

The precision and accuracy of this method were evaluated using quality control samples in
the range of 5–600 μM phenylalanine. For intra-day assay precision and accuracy, five
replicates of quality control samples at each concentration were assayed all at once within a
day. The inter-day assay precision and accuracy were determined by analyzing the quality
control samples on five different days. Five replicates at each concentration were assayed
per day. The lower limit of quantification was determined for phenylalanine at five times.

Results and Discussion

In the present work, immobilization and characterization of L-PheDH on modified DEAE-
cellulose and then its application in FIA system were carried out in order to determinate the
L-Phe level in PKU plasma.

A series of immobilizations were performed with 20 mg of modified DEAE-cellulose
and varying amount of L-PheDH (0.25–1.0 mg) with and without GDA to find the optimum
modified support/enzyme ratios. The results showed that the immobilized L-PheDH activity
first increased up to certain values and then decreased slowly (Fig. 2). Under the standard
assay condition, the highest activity of immobilized L-PheDH was 95.75 U/min gsupport,
with 56% retained activity and 10.52 mg/gsupport active bounded L-PheDH amount for the
immobilization condition in the ratio of 20 mg support/0.6 mg enzyme without GDA.
Nevertheless, these values decreased to 33% retained activity and 5.45 mg/gsupport active
bounded L-PheDH amount after the immobilization with GDA. Decreases in the activity of

Fig. 2 Activity and retained activity variations of immobilized L-PheDH with respect to the enzyme amount,
without GDA (closed and open triangles) and in the presence of GDA (closed and open squares)
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immobilized L-PheDH in spite of the increase in the amount of the enzyme can be
explained by sterical interactions [12, 24]. Furthermore, the decreases in retained activity of
the immobilized L-PheDH in the presence of GDA indicate that the cross-linking with GDA
was affected close to the support matrix, which lead to the sterical hindrances arising from
the multipoint attachments and therefore lowering of conformational stability. This situation
was also supported by lower stability properties of the immobilized L-PheDH without GDA
compared to the sample with GDA. The following study was continued with immobilized
samples, which was prepared without GDA.

pH-Dependent Activity and Stability Variations

The pH-dependent variation of L-PheDH activity from S. ureae was investigated at 30 °C for
different pH values in 50 mM phosphate (pH 6.5–8.5), borate/NaOH (pH 9.5), glycine/KCl/
KOH (10.4 and 10.8), and hydrogen orthophosphate/NaOH (pH 11.0, 11.3) buffers under
previously defined standard assay conditions for the native and the immobilized L-PheDH.

The activity of both native and immobilized L-PheDH was increased sharply after pH 8.5.
The optimum pH value of the immobilized PheDH was shifted from pH 10.4 to 11.0 that is in
the more alkali region when compared to native L-PheDH of S. ureae. This shows that the
immobilization is achieved between GDA on modified support and ε-NH2 groups of lysine and
N-terminal amino acid of L-PheDH, causing the total negative charge to increase. The situation
leads to accumulation of more protons in the microenvironment that shifts the optimum pH to
the alkaline region [25, 26]. The optimum pH level of L-PheDH was 10.5 for S. ureae SCRC-
RO4 but dependent on the source, e.g., 12.0 for Microbacterium sp., 10.8 for Rhodococcus
maris, 10.5 for Brevibacterium sp. SCRC-R79a, and 10.0 for Nocardia sp. 239 [22, 23, 27, 28].

Retained activity measurements for the native and the immobilized L-PheDH on
modified DEAE-cellulose were made under standard assay conditions after incubation in
50 mM buffers of different pH values at 30 °C for 15 min. As shown in Fig. 3b, the pH
stability of the immobilized L-PheDH was higher than the native at 30 °C and for 15 min
incubation period. The retained activities of immobilized L-PheDH incubated at pH 8.5,
9.5, and 10.4 were 1.66-, 2.85-, and 5.45-fold higher than native enzyme, respectively.
According to the results, enzymatic activity of the native and the immobilized L-PheDH
incubated at pH 7.5 did not change significantly up to 5 and 56 h, respectively. All results
showed that the immobilization of L-PheDH on the hydrophilically modified DEAE-
cellulose leaded to greater pH stability when compared to the native enzyme.

Temperature-Dependent Activity and Stability Variations

Temperature-dependent activity variation of the native enzyme was investigated in 50 mM
phosphate buffer, at pH 7.5 for different temperatures.

Native L-PheDH from S. ureae showed maximum activity at 40 °C. According to some
researchers, optimum temperature yielding maximum L-PheDH activity differs with respect
to source, and it was 50 °C for Bacillus badius and 70 °C for Microbacterium sp. strain DM
86-1 [15, 22]. In comparison with the native enzyme, the maximum activity of immobilized
L-PheDH was showed in a wider temperature range, i.e., 40–55 °C (Fig. 4a). This situation
suggested that the conformation rigidity of L-PheDH polypeptide chains was increased after
immobilization, therefore requiring higher temperature for expressing its maximum
catalytic activity. The higher thermal stability of immobilized L-PheDH in the range of
40–55 °C, where the maximum activity was observed, indicated the increases in
conformational rigidity compared to the native enzyme.
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Kinetic constants of both native and covalently bound L-PheDH catalysis have a
temperature dependence of Arrhenius form. Activation energy of the native and the
immobilized L-PheDH was determined at similar values as 44.48 and 48.04 kJ mol−1,
respectively. This indicates that introduction of the substrate in to the enzyme and formation
of active complex did not change the favorable electron flow between the substrate and
enzyme, the polarity, or ionic concentration in the vicinity of the active site significantly.

Thermal stabilities of the native and the immobilized L-PheDH were investigated by
measuring the retained activity at different temperatures ranging from 20 °C to 55 °C by
incubating the enzyme during 3.5 h at pH 7.5. As can be seen from Fig. 4b, the native
L-PheDH did not lose any activity during 5.5 h incubation period at 30 °C. The deactivation
rate of native L-PheDH increased with the increase in the temperature after 45 °C. Although
the retained activity of native enzyme was 96% after 15 min of incubation at 45 °C and
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Fig. 3 a pH-dependent activity variations of native (closed circles) and immobilized L-PheDH (open circles)
at 30 °C. b pH-dependent stability variations of native (closed circles) and immobilized L-PheDH (open
circles) at 30 °C for 15 min
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pH 7.5, it was completely inactivated at pH 10.4. A similar dependence on pH was
observed at 30 °C (Fig. 3b). While the native enzyme had no loss in activity at pH 7.5, it
retained only 10% of its activity at pH 10.4 (Fig. 3b). This shows that ionic and steric
interactions, which are pH dependent, present major influence on the enzyme charge
distribution and consequently on its stability, as compared with the temperature influence.

According to a previous research, native L-PheDH from S. ureae recovered 75% of its
activity after incubation at pH 9.0 and 40 °C for 10 min, whereas the enzyme was
completely inactivated at 50 °C [29]. However, under the same condition, the L-PheDH
from Bacillus sphaericus showed higher thermostability and had no decrease in activity
until it was heated above 55 °C [29]. Denaturation was found to occur at a higher rate with
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Fig. 4 a Temperature-dependent activity variations of native (closed circles) and immobilized L-PheDH (open
circles) at pH 7.5. b Temperature-dependent stability variations of native L-PheDH at pH 7.5; 30 °C (closed
circles, 1), 45 °C (closed triangles, 2), 50 °C (closed diamonds, 3), 55 °C (closed inverted triangles, 4) and
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the increase in pH values of incubation medium compared to the case where only the
temperature was increased. In other words, the results showed that the pH value of
incubation medium is more effective than temperature in thermal denaturation rate.

L-PheDH immobilized on modified DEAE-cellulose did not lose activity up to 45 °C during
all incubation periods andwas also more stable than the native enzyme at the studied incubation
temperatures. As shown in Fig. 4b, for incubation at 50 °C, T50 values of the native and the
immobilized L-PheDH were determined as 150 and 330 min, respectively. The results showed
coherence with other research, which had shown that the immobilized L-PheDH was more
resistant to heat treatment [30]. The immobilization of the enzyme with covalent bonding on
hydrophilic support and the conformational stabilization due to the formation of new intra and
intermolecular interactions leads to increases in the thermal stability [19, 30].

Substrate Concentration-Dependent Activity Variations

L-PheDH activity variation was investigated with varying concentrations of L-Phe (4–13 mM)
at 2.5 mM NAD+ and NAD+ (0.25–1.75 mM) at 10 mM L-Phe in the phosphate buffer,
pH 10.4, and at 25 °C. The Km and Km(appl) values were determined by applying regression
analysis to the Lineweaver–Burk diagrams. The decreased Km, Km(app) and increased kcat
values for the native and immobilized L-PheDH with the increasing temperature indicated that
the reaction rates increase with the temperature due to increasing affinity of the enzyme
towards both substrates (Table 1). The results showed that L-PheDH from S. ureae has a
much lower Km for the substrates compared to the enzymes from B. badius, Brevibacterium
sp., and Rhodococcus sp. M4 [9, 17, 27], which were 0.215, 0.4, and 0.75 mM, respectively.

The Km(appl) values of the immobilized L-PheDH were approximately 1.8-fold lower than
that of the native L-PheDH. This indicates an increase in the affinity for Phe and NAD+ and
also an increase in the equilibrium constant of the Michaelis complex formation. These
results show coherence with the increased affinity of L-PheDH to the substrates after
immobilization as reported by researchers [31].

The retained activity, kinetic constants such Km, Km(app) and kcat, pH, temperature
activity, and stability properties of the immobilized L-PheDH on the modified DEAE-
cellulose are all quite satisfactory for its applicability especially in the reactor systems.

Table 1 Some kinetic parameters of native and immobilized L-PheDH at pH 10.4.

Temperature 25 °C 30 °C

Kinetic parameter Km−Km (appl) (mM) kcat (s
−1) Km−Km (appl) (mM) kcat (s

−1)

Substrate Phe NAD+ Phe Phe NAD+
L-Phe

Native L-PheDH 0.118 0.234 5.37 0.052 0.167 8.55

Immobilized L-PheDH 0.063 0.128 28.71 0.038 0.076 49.56

Table 2 Performance parameters of the reactor.

CV (%) RE (%) Linear range (μM) at 9 mM NAD+ LLQ (μM)

Intra-day (n=5) 2.9 to 4.5 −1.4 to 0.84 5–600 4

Inter-day (n=5) 2.1 to 3.4 −1.5 to 1.8

CV coefficients of variation, RE relative error, LLQ lower limit of quantification
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Reactor Performance

L-Phe levels were determined by passing the mixture of NAD+ and L-Phe in 50 mM
phosphate buffer at pH 7.5 through the immobilized L-PheDH column at 25 °C. The effect
of NAD+ concentration on the immobilized L-PheDH activity was studied over the range of
1–10 mM at the 600 μM L-Phe level and 25 °C. The conversion rate of NAD+ was
increased by increasing the concentration, first rapidly and then gradually. Above 7 mM,
the response was almost stable. In order to prevent interference from phenylpyruvate and
ammonium, 9 mM NAD+ was used to provide a 3 mM concentration in the packed bed
reactor. To study the specificity of this method for Phe, we assayed various amino acids
(L-tyrosine, L-methionine, and L-tryptophan) at 300 μmol/L each in the reactor column
system. No significant interference was detected.

The effect of flow-rate variations of the solutions was investigated in the range of 0.075–
0.4 mL/min at the same value for each. The conversion efficiency of the reactor was 100% in
the range of 5–600 μM Phe (r=0.991) at 9 mM NAD+ with a total flow rate of 0.10 mL/min.
The performance parameters of packed bed reactor containing immobilized L-PheDH for
inter- and intra-days (n=5) were given in Table 2.

PKU plasma samples were diluted for quantitative determination of phenylalanine at
concentrations ranging from 5 to 600 μM. In addition, measured L-Phe levels were
crosschecked with the amino acid automated analyzer. The curve given by linear regression
analysis was y=0.98x+0.06. The correlation between the L-Phe concentration and the
conversion efficiency showed that the diffusion problem did not occur in this concentration
range. The reactor was used for the analyses of 30 samples each for 3 h per day, then
washed with 50 mM phosphate buffer containing 10% glycerol and stored at 4 °C when not
in used. According to the present study, the performance of the immobilized L-PheDH on
the modified DEAE-cellulose on the flow-injection cell system can be defined as an
advantageous method because of the yielding accurate and precise L-Phe results.

Acknowledgements This study was granted by the TR Prime Ministry State Planning Organization (DPT).
We greatly appreciate Dokuz Eylul Hospital University for blood samples and Tanyalcin Laboratory for the
analysis of the L-Phe with amino acid analyzer.

References

1. van Rijn, M., Hoeksma, M., Sauer, P., Szczerbak, B., Gross, M., Reijngoud, D. J., et al. (2007).
Nutrition, 23, 445–453.

2. Committee on Genetics. (2008). Pediatrics, 22, 445–449.
3. Ding, Z., Harding, C. O., & Thöny, B. (2004). Molecular Genetics and Metabolism, 81, 3–8.
4. Anonymous. (2000). NIH Consensus Statement, 17, 1–33.
5. Huang, T., Warsinke, A., Kuwana, T., & Scheller, F. W. (1998). Analytical Chemistry, 70, 991–997.
6. Burtis, C. A., & Ashwood, E. R. (1994). Tietz textbook of clinical chemistry (2nd ed.). Philadelphia: WB

Saunders Company.
7. Beasley, M., Costello, P., & Smith, I. (1994). Oxford Journal of Medicine, 87, 155–160.
8. Clague, A., & Thomas, A. (2002). Clinica Chimica Acta, 315, 99–110.
9. Ambrose, J. A. (1969). Clinical Chemistry, 15, 15–23.
10. Atherton, N. D., & Gren, A. (1988). Clınical Chemistry, 34(11), 2241–2244.
11. Chace, D. H., Sherwin, J. E., Hillman, S. L., Lorey, F., & Cunningham, G. C. (1998). Clinical Chemistry,

44(12), 2405–2409.
12. Hummel, M., Weiss, N., & Kula, M. R. (1984). Archives of Microbiology, 137, 47–52.
13. Naruse, H., Ohashi, Y. Y., Tshuji, A., Maeda, M., Nakamura, K., Fujii, T., et al. (1992). Screening, 1, 63–66.
14. Nakamura, K., Fujii, T., Kato, Y., Asano, Y., & Cooper, A. J. L. (1996). Analical Biochemistry, 234, 19–22.

266 Appl Biochem Biotechnol (2011) 163:258–267



15. Asano, Y., Yamada, A., Kato, Y., Yamaguchi, K., Hibino, Y., & Hirai, K. (1987). European Journal of
Biochemistry, 168, 153–159.

16. Kiba, N., Itagaki, A., & Fumsawa, M. (1997). Talanta, 44, 131–134.
17. Villalonga, R., Tachibana, S., Cao, R., Raminez, H. L., & Asono, Y. (2006). Biochemical Engineering

Journal, 30, 26–32.
18. Villalonga, R., Fuji, A., Shinohara, H., Tachibana, S., & Asano, Y. (2008). Sensors and Actuators B:

Chemical, 129, 195–199.
19. Villalonga, R., Akira, F., Hiroaki, S., Yasuhisa, A., Cao, R., & Tachibana, S. (2007). Biotechnology

Letters, 29, 447–452.
20. Weiss, D. J., Dorris, M., Loh, A., & Peterson, L. (2007). Biosensors & Bioelectronics, 22, 2436–2441.
21. Tarhan, L. (1990). Biomedica Biochimica Acta, 49, 307–316.
22. Bradford, M. A. (1976). Analytical Biochemistry, 72, 248–254.
23. Asano, Y., & Tanetani, M. (1998). Archives of Microbiology, 169, 220–224.
24. Abdel-Naby, M. A., Sherif, A. A., El-Tanash, A. B., & Mankarios, A. T. (1999). Journal of Applied

Microbiology, 87, 108–114.
25. Zaborsky, O. (1976). Immobilized enzymes (pp. 49–60). Cleveland: CRC press.
26. Akertek, E., & Tarhan, L. (1995). Applied Biochemistry and Biotechnology, 50, 291–303.
27. Misono, H., Yonezawa, J., Nagata, S., & Nagasaki, S. (1989). Journal of Bacteriology, 171, 30–36.
28. Hummel, W., Schuette, H., Schmidt, E., Wandrey, C., & Kula, M. R. (1987). Applied Microbiology and

Biotechnology, 26, 409–416.
29. De Boer, L. (1989). Archives of Microbiology, 153, 12–18.
30. Asano, Y., Nakazawa, A., & Endo, K. (1987). The Journal of Biological Chemistry, 262, 10346–10354.
31. Villalonga, R., Tachibana, S., Perez, Y., & Asano, Y. (2005). Biotechnology Letters, 27, 1311–1317.

Appl Biochem Biotechnol (2011) 163:258–267 267


	Immobilization...
	Abstract
	Introduction
	Materials and Methods
	Modification of DEAE-Cellulose and Immobilization of l-PheDH
	Activity Measurements for Native and Immobilized l-PheDH
	Flow System and Procedure
	Precision, Accuracy, and Sensitivity

	Results and Discussion
	pH-Dependent Activity and Stability Variations
	Temperature-Dependent Activity and Stability Variations
	Substrate Concentration-Dependent Activity Variations
	Reactor Performance

	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /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
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200037000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


