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Abstract SBA-15-NH2 and SBA-15-Cl Mesoporous Materials were prepared by modifying SBA-15 with silane coup-

ling agent 3-aminopropyltriethoxysilane and 3-chloropropyltriethoxysilane using the post-synthesis method. The meso-

porous samples were characterized by Fourier transform infrared spectra and nitrogen adsorption. Compared with SBA-

15-NH2, SBA-15-Cl has suitable pore opening for further utilization in the immobilization of Candida sp.99-125 lipase

by physical adsorption. The influences of lipase concentration and immobilizing time on the immobilization efficiency

were investigated. Meanwhile, the lipase immobilized on SBA-15-Cl showed higher thermal, pH and storage stability

than that of free lipase. Further study demonstrated that lipase immobilized on SBA-15-Cl could be used eight times

without significant decrease of enzyme activity. The phenomenon was associated with the shrinkage of the pore opening

of SBA-15-Cl keeping lipase from leaping out.
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INTRODUTION

Lipases (triacylglycerol ester hydrolases, EC 3.1.1.3) are ubiqui-

tous enzymes which catalyze the hydrolysis of triacetin to give acetic

acid and glycerol, and are thus widely used in dairy industries, chemi-

cal industries and enantiomerically pure pharmaceuticals [1,2]. Unfor-

tunately, the practical application of lipases is often handicapped by

their sensitivity to temperature and instability, as well as the diffi-

culty in recovering activity for reuse [3-5]. Several methods have

been proposed to overcome these limitations, one of the most suc-

cessful being enzyme immobilization. Lipase can be immobilized

on carrier by a variety of methods, which may be broadly classi-

fied as physical and chemical [6-9]. Compared with other meth-

ods, immobilization of lipase by physical adsorption is currently

attracting an enormous attention given its simplicity. The stability

of the immobilization often depends on the type of support. There-

fore, it is important to choose the most suitable support to immobi-

lize lipase.

Among numerous supports applied till now [10-16], ordered meso-

porous materials (OMMs) have gathered particular interest. Lipase

immobilized in OMMs exhibits higher stability than free lipase [17-

22]. SBA-15, a mesoporous molecular sieve with large pore diam-

eters, has also been used as a carrier for lipase [23,24]. Though SBA-

15 support has been demonstrated to protect the lipase from aggre-

gation, the insufficient strength of interaction between lipase and

the mesoporous support causes significant lipase leaching from the

support [25,26]. Thus, surface modification of mesoporous silicas

with organofunctionalities was actively investigated to reduce the

degree of enzyme leaching [27,28]. Through organic functionaliza-

tion of the internal surface, the hydrophobic groups attached to the

surface of the mesoporous material and the increase of the surface

area can strengthen interactions between mesoporous material and

lipase (i.e., hydrophobic, and electrostatic interactions) [29]. In addi-

tion, the surface functionalization also partially reduces the pore open-

ings, especially at the external surface. This will ‘trap’ the lipase

molecules within the pores while still allowing reactant and

product molecules to diffuse in and out of the pores [30].

In the present work, NH2-SBA-15 and Cl-SBA-15 mesoporous

materials were prepared by modifying SBA-15 with 3-aminopropyl-

triethoxysilane (APTES) and 3-chloropropyltriethoxysilane (CPTES)

using the post-synthesis method. The original SBA-15 mesoporous

and its derivatives were then characterized by Fourier transform

infrared spectra and nitrogen adsorption. Compared with SBA-15-

NH2, SBA-15-Cl has suitable pore opening for immobilization of

Candida sp.99-125 lipase. The influences of lipase concentration

and immobilizing time on lipase immobilization in terms of activity

recovery were reported. The thermostable, pH and storage stability

of lipase immobilized on SBA-15-Cl and free lipase as well as reus-

ability of lipase immobilized on SBA-15-Cl were studied.

MATERIALS AND METHODS

1.Materials

Candida sp.99-125 lipase was purchased from Beijing CTA New

Century Biotechnology Co. Ltd. (PR China). Poly (ethylene glycol)-

block-poly (propylene glycol)-block-poly (ethylene glycol) (P123)

was obtained from Sigma-Aldrich. 3-aminopropyltriethoxysilane

(APTES) and 3-chloropropyltriethoxysilane (CPTES) were pro-

cured from Chemical Reagent Corp. in China. Other reagents were

obtained from Sinopharm Chemical Reagent Co., Ltd. All reagents
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were of AR grade.

2. Silanization of SBA-15 Mesoporous Material

Mesoporous SBA-15 was prepared using triblock copolymer sur-

factant as the template in acid media as referenced to the previous

work [31]. The functional group used to modify the SBA-15 was

APTES or CPTES. The silanization procedure was performed using

a post-synthesis method as reported [32]. In brief, 2g SBA-15 meso-

porous material was suspended in 50mL of dry toluene containing

2g of APTES or CPTES. The mixture was stirred for 48h at 100 oC

in a nitrogen atmosphere under reflux conditions. Then, the white

solid was filtered out and washed with toluene (30mL), ethanol

(30mL), and diethyl ether (30mL), respectively. The resulting white

powders, denoted as SBA-15-NH2 or SBA-15-Cl, were dried under

vacuum.

3. Characterization of SBA-15 and its Derivatives

The analyses of chemical functional groups in the SBA-15 and

its derivatives were conducted by means of a Thermo Corporation

Nexus FT-IR spectrophotometer (USA). For the analyses of sur-

face area, pore characteristics, pore size distribution and adsorption-

desorption isotherm, a Micromeritics ASAP 2000 surface analyzer

was used.

4. Enzyme Immobilization

Direct immobilization method as reported was used to immobi-

lize the Candida sp.99-125 lipase [33]. 1-10mg of Candida sp.99-

125 lipase was mixed with 40mg of SBA-15-Cl in 10ml phos-

phate buffer solution (pH 7.0, 0.1mol·L−1). The mixture was shaken

at 37 oC for 1-8 h. The supernatant was separated from the solid

materials by centrifugation. Retained immobilized lipase then was

washed with a phosphate buffer (pH of 7.5) solution. The wet sample

was then kept overnight in a vacuum oven for a complete drying.

5.Measurement of Protein Content and Enzymatic Activity

The protein content in the crude enzyme or immobilized enzyme

preparations was determined by the Bradford method, using bovine

serum albumin as the standard [34]. The activity of free and immo-

bilized lipase was determined by monitoring the release of the acid

moiety of the ester by titration with 0.02M NaOH [35]. The lipase

was added in the triacetin emulsification solution, which was a pH

stabilized mixture of triacetin (2.0 g), deionized water (50mL) and

pH 7.0 phosphate buffer solutions (10mL). After exactly 15min

of incubation at 40 oC, the reaction was stopped by adding 15.0ml

of 95% alcohol solution. Finally, the reaction solution was titrated

with 0.02M sodium hydroxide solution. The volume of consumed

sodium hydroxide was recorded and the activity of lipase calcu-

lated in the standard way from which the unit of enzyme activity

was denoted with U, and one lipase unit is defined as 1mol of the

fatty acid produced by the catalysis per min under the assay condi-

tions. The activity recovery (%) remaining after immobilization was

the ratio between the activity of immobilized lipase and the total

activity of lipase added in the initial immobilization solution.

6. Stability Lipases

To investigate thermo- and pH stability, free lipase or lipase im-

mobilized on SBA-15-Cl was incubated in buffers with different

pH value, different temperatures for 8 h. The stability of lipases was

determined by measuring residual activity. Storage stability of free

lipase or lipase immobilized on SBA-15-Cl was investigated by

measuring their activities after being stored at 20 oC for a week period

and the residual activity was measured once a day. The relative activ-

ity of the lipase is calculated from the formula:

(1)

where, R is the relative activity (%), A is the residual activity of the

immobilized lipase (U) and A0 is the initial activity of the immobi-

lized lipase (U).

7. Reusability

Lipase immobilized on SBA-15-Cl was recovered through cen-

trifugation, washing and drying after each hydrolysis reaction of

triacetin was finished. The reusability was also characterized by deter-

mining residual activity of lipase immobilized on SBA-15-Cl com-

pared to that of their initial activity.

RESULTS AND DISCUSSION

1. Characterization of SBA-15 and Its Derivatives

The Fourier transform infrared spectra of the SBA-15 and its de-

rivatives are shown in Fig. 1. To the spectrum of SBA-15 (Fig. 1(a)),

the broad and strong peak centered peak at 1,085 cm−1 and those

relatively weak peaks near at 800 cm−1 and 470 cm−1 correspond to

the asymmetric stretching vibration of typical Si-O-Si bands [36].

A peak near 1,637 cm−1 is observed in the spectrum of parent SBA-

15, mainly resulting from the bending vibration of absorbed H2O.

To the spectrum of SBA-15-Cl and SBA-15-NH2 (Fig. 1(b) and

1(c)), the absorption band at 2,930 cm−1 is associated with the C-H

stretching vibration of CH2 groups of CPTES and APTES. The new

broad band at 698 cm−1 can be assigned to the C-Cl bond in Fig.

1(b), and the new broad bands at 1,566 cm−1 and 1,495 cm−1 can

be assigned to the N-H bond of amino in Fig. 1(c), suggesting that

the silane coupling agent reacted with the -OH groups of SBA-15

[37,38].

Fig. 2 exhibits the nitrogen adsorption-desorption isotherms and

the corresponding BJH pore size distributions of SBA-15 and its

derivatives at 77K. The curves are Langmuir IV-type adsorptions,

which are the typical adsorption curves of SBA-15. For the SBA-

15 sample (Fig. 2(a)), the relative pressure was 0.7, so, the nitrogen

adsorption suddenly increased, corresponding to a suddenly rising

R %( ) = 

A

A
0

------ 100%×

Fig. 1. FTIR spectra of SBA-15 (a), SBA-15-Cl (b) and SBA-15-
NH2 (c).
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curve. For SBA-15-Cl and SBA-15-NH2 (Fig. 2(b) and 2(c)), the

mutation relative pressure dropped to about 0.5, while its adsorp-

tion amount of nitrogen gas obviously decreased compared with

that of SBA-15. This shows that the silanizations of SBA-15 lead to

the decrease of pore size and pore volume. Also as shown in Table1,

compared with SBA-15, the pore size and volume of surface modi-

fied SBA-15 materials were significantly decreased, while there was

an obvious increase in surface area. It showed that the material used

for modification of zeolite had been successfully introduced and was

grafted in the channels. Meanwhile, Table 1 shows that the average

pore diameter of SBA-15-NH2 and SBA-15-Cl was 2.63nm and 4.71

nm respectively. Therefore, SBA-15-Cl was suitable for utilization

as supports for the immobilization of lipase by physical adsorption.

2. Optimization of Parameters for Lipase Immobilization

2-1. Lipase Concentration

The effect of initial Candida sp.99-125 lipase concentration on

the immobilization was studied at different initial lipase concentra-

tions in the range of 0.1-1.0mg/mL. The immobilization experi-

ments were conducted at 37 oC for 4 h with continuous shaking.

As shown in Fig. 3, the amounts of lipase immobilized increased

significantly with the initial lipase concentration. While the activity

recovery first increased with the increased amount of lipase; a maxi-

mum was reached at approximately 0.6mg/mL of lipase concen-

tration, and decreased thereafter. It is considered that the higher lipase

loading makes the lipase form an intermolecular steric hindrance,

which restrains the diffusion of the substrate and product. Similar

phenomena were also observed in the previous reports.

2-2. Immobilizing Time

The effects of the immobilizing time on the immobilization capac-

ity and on the enzyme activity were studied at different reaction

time. The initial lipase concentration was 0.6mg/mL. Fig. 4 shows

that an increase in the immobilizing duration time led to an increase

in the lipase immobilized in the present study. Meanwhile, the activity

recovery of the immobilized lipase kept pace with the immobilizing

time and the highest relative activity was obtained under immobili-

zation allowed to proceed for 4 h. However, it decreased when the

reaction time was further prolonged. It can be explained that the

immobilizing time of lipase was more than 4 h, so Candida sp.99-

125 lipase molecules formed a multilayer adsorption and the over-

lay of the adsorbed lipase molecules increased accordingly, which

caused that some of enzymatic activities could not be expressed

[39]. Given these results, it can be inferred that the optimum im-

mobilizing time for the immobilization process was 4 h.

3. Properties of Immobilized Lipase

3-1. Thermal Stability

It was well known that enzymes in solution are not stable and

their activities also decrease gradually. To investigate the thermal

stability of free lipase and lipase immobilized on SBA-15-Cl, their

residual activities were measured and compared in Fig. 5 when they

were incubated at 50 oC. All activities of lipases decreased with time.

The free lipase almost lost its all activity after 7 h with high temper-

ature preservation. However, the activity of lipase immobilized on

Fig. 4. Effect of immobilizing time on lipase immobilization.

Fig. 2. N2 adsorption-desorption isotherms of SBA-15 (a), SBA-
15-Cl (b) and SBA-15-NH2 (c).

Table 1. BET parameters of SBA-15 and Its derivatives

Samples
Surface area/

m2·g−1

Average pore
diameter/nm

Pore volume/
cm3·g-1

SBA-15
SBA-15-Cl
SBA-15-NH2

460.9
512.0
303.1

7.05
4.71
2.63

0.9571
0.6282
0.3550

Fig. 3. Effect of lipase concentration on immobilization.
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SBA-15-Cl was always higher than the former. This result can be

attributed to the increased protection from the stronger interaction

between the Candida sp.99-125 lipase molecule and functionalized

surface of the supports either by physical forces [26], resulting in

the prevention of lipase heat denaturation and enhanced adaptability

of immobilized lipase [40]. In addition, the excellent activity reten-

tion by the lipase immobilized on SBA-15-Cl could be explained

on the basis of the smaller mesoporous pores of supports keeping

lipase from leaping out of the channel.

3-2. pH Stability

Effect of medium pH on the enzyme activity of free lipase and

lipase immobilized on SBA-15-Cl was determined after incubating

in the pH range of 5.0-9.0 for 4h at 50 oC and the results are presented

in Fig. 6. The maximum value of relative activity was observed at

pH of 8.0 for all lipases. However, the pH profile of the lipase was

broader than that of the free enzyme. In other words, lipase immo-

bilized on SBA-15-Cl holds excellent adaptability both at lower

and higher pH in comparison to the free lipase. As for the lipase

immobilized on SBA-15-Cl, the additional interaction of the support

with lipase due to the presence of chloropropyl functional group

might have reduced the sensitivity of lipase to low pH [30]. The

reason for the lowest enzyme activity at pH 9.0 may be the change

of lipase conformation, due to an unfavorable charge distribution

on the amino acid residues.

3-3. Storage Stability

In industrial applications, lipase is generally stored to external

environment and loses activity rapidly. So the storage stability of

lipase immobilized on SBA-15-Cl has always been of interest. The

immobilized and free lipase were stored in phosphate buffer (50mM,

pH 7.0) at 20 oC and the activity measurements were carried out

for a period of a week. As shown in Fig. 7, lipase immobilized on

SBA-15-Cl exhibits clearly better storage stability than that of free

lipase. In the storage condition, the free lipase lost its all-initial activity

within three days. Under the same storage conditions, a 38.7% de-

crease in activity was detected during a seven day storage period

for the lipase immobilized on SBA-15-Cl. The relative severe de-

crease in activity of the free lipase might be due to its susceptibility

to autolysis during the storage time [41,42]. It should be noted that

the immobilization of lipase on SBA-15-Cl beads could decrease

Fig. 7. Storage stability of free lipase and lipase immobilized on
SBA-15-Cl.

Fig. 5. Thermal stability of free lipase and lipase immobilized on
SBA-15-Cl.

Fig. 6. pH stability of free lipase and lipase immobilized on SBA-
15-Cl. Fig. 8. The reusability of lipase immobilized on SBA-15-Cl.
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the autolysis effect.

3-4. Reusability

Reusability of immobilized lipase is very important for practical

applications, especially in the industrial fields. In this study, lipase

immobilized on SBA-15-Cl was repeatedly used as the biocatalyst

for the hydrolysis reaction and subsequently recovered and reused.

As shown in Fig. 8, lipase immobilized on SBA-15-Cl could be

reused for eight cycles without dramatic activity loss and still retained

64.9% of its initial activity, which indicates its robust operational

stability. The excellent activity retention of lipase immobilized on

SBA-15-Cl could be explained on the basis of the pore structure

and the degree of leaching. Directly, the pore size of SBA-15-Cl is

relatively small; thus enzyme molecules are difficult to leach out of

the pore channel, keeping high enzyme activity. Also, the finding

made in this study indicated that the immobilization mostly occurred

within the mesopores rather than the external surface.

CONCLUSION

Mesoporous material SBA-15-Cl with a suitable pore diameter

of 4.71 nm has been synthesized and used for Candida sp.99-125

lipase immobilization. The results showed that lipase could be suc-

cessfully immobilized on SBA-15-Cl by physical adsorption. The

relative activity was 81.1% when 0.6mg/ml of lipase concentration

and 4 h of immobilized time were the best immobilized conditions.

More attention was paid to the stability and reusability of lipase im-

mobilized on SBA-15-Cl. Lipase immobilized on SBA-15-Cl holds

much more excellent adaptability compared with free lipase during

pH 6.0-9.0. At 50 oC, the immobilized lipase shows higher thermal

stability than that of free lipase. Also, a high storage stability obtained

with the immobilized lipase indicates that the stability of Candida

sp.99-125 lipase was increased upon immobilization on SBA-15-

Cl mesoporous material. In addition, lipase immobilized on SBA-

15-Cl maintained 64.9% of its residual activity even after eight cycles

of use.

ACKNOWLEDGEMENTS

This work was supported by the National Basic Research Pro-

gram of China (No 2009CB724700) and the Foundation of Jiangsu

Province of China for College Postgraduate Students in Innovation

Engineering (CXZZ12_0440).

REFERENCES

1. K.E. Jaeger, B.W. Dijkstra and M.T. Reetz, Annu. Rev. Microbiol.,
53, 315 (1999).

2. Y. Li, G. Zhou, C. Li, D. Qin, W. Qiao and B. Chu, Colloid Surface
A, 341, 79 (2009).

3. A. Salis, D. Meloni, S. Ligas, M. F. Casula, M. Monduzzi, V. Soli-
nas and E. Dumitriu, Langmuir, 21, 5511 (2005).

4. A. Vinu, V. Murugesan, O. Tangermann and M. Hartmann, Chem.
Mater., 16, 3056 (2004).

5. A. Galarneau, M. Mureseanu, S. Atger, G. Renard and F. Fajula, New
J. Chem., 30, 562 (2006).

6. S. Zhang, S. Gao and G. Gao, Appl. Biochem. Biotechnol., 160, 1386
(2010).

7. W. Tischer and F. Wedekind, Top. Curr. Chem., 200, 95 (1999).
8. B. Krajewska, Enzyme Microb. Technol., 35, 126 (2004).
9. B. Zou, Y. Hu, D. Yu, L. Jiang, W. Liu and P. Song, Colloids Surf.,
B, 88, 93 (2011).

10. D. S. Rodrigues, A.A. Mendes, W. S. Adriano, L. R. B. Goncalves
and R. L. C. Giordano, J. Mol. Catal. B-Enzym., 51, 100 (2008).

11. G. Bayramoglu, B. Karagoz, B. Altintas, M.Y. Arica and N. Bicak,
Bioprocess. Biosyst. Eng., 34, 735 (2011).

12. X. Wang, P. Dou, P. Zhao, C. Zhao, Y. Ding and P. Xu, ChemSus-
Chem, 2, 947 (2009).

13. D. Lee, K.M. Ponvel, M. Kim, S. Hwang, I. Ahn and C. Lee, J. Mol.
Catal. B-Enzym., 57, 62 (2009).

14. G. Bayramoglu, B. Hazer, B. Altintas and M.Y. Arica, Process. Bio-
chem., 46, 372 (2011).

15. M.Y. Arica, H. Soydogan and G. Bayramoglu, Bioprocess. Biosyst.
Eng., 33, 227 (2010).

16. B. Karagoz, G. Bayramoglu, B. Altintas, N. Bicak and M.Y. Arica,
Ind. Eng. Chem. Res., 49, 9655 (2010).

17. J. Lee, J. Kim, J. Kim, H. Jia, M. Kim, J.H. Kwak, S. Jin, A. Dohnalk-
ova, H.G. Park, H.N. Chang, P. Wang, J.W. Grate and T. Hyeon,
Small, 1, 744 (2005).

18. M. Hartmann, Chem. Mater., 17, 4577 (2005).
19. M. I. Kim, J. Kim, J. Lee, H. Jia, H. B. Na, J. K. Youn, J.H. Kwak,

A. Dohnalkova, J.W. rate, P. Wang, T. Hyeon, H.G. Park and H.N.
Chang, Biotechnol. Bioeng., 96, 210 (2007).

20. Y. Li, G. Zhou, W. Qiao and Y. Wang, Mater. Sci. Eng. B-Adv., 16,
120 (2009).

21. E. Serra, A. Mayoral, Y. Sakamoto, R. M. Blanco and I Diaz,
Micropor. Mesopor. Mater., 114, 201 (2008).

22. J. Forde, A. Vakurov, T.D. Gibson, P. Millner, M. Whelehan, I.W.
Marison and C.O. Fagain, J. Mol. Catal. B-Enzym., 66, 203 (2010).

23. H. Ikemoto, Q. Chi and J. Ulstrup, J. Phys. Chem. C, 114, 16174
(2010).

24. H. Jaladi, A. Katiyar, S.W. Thiel, V.V. Guliants and N.G. Pinto,
Chem. Eng. Sci., 64, 1474 (2009).

25. S. Pallavi, N. Sridevi, A. Prabune and V. Ramasamy, The 40th Anni-
versary of International Zeolite Conference, 1891 (2007).

26. H.H.P. Yiu, P.A. Wright and N.P. Botting, J. Mol. Catal. B-Enzym.,
15, 81 (2001).

27. P. Ye, J. Jiang and Z. Xu, Colloids Surf., B, 60, 62 (2007).
28. X. Wang, J. C. C. Chan, Y. Tseng and S. Cheng, Micropor. Meso-

por. Mater., 95, 57 (2006).
29. Y. Kang, J. He, X. Guo, X. Guo and Z. Song. Ind. Eng. Chem. Res.,

46, 4474 (2007).
30. A. Z. Abdullah, N. S. Sulaiman and A.H. Kamaruddin, Biochem.

Eng. J., 44, 263 (2009).
31. K. Zhu, J. Wang, Y. Wang, H. Liu, P. Han and P. Wei, J. Nanosci.

Nanotechnol., 11, 7593 (2011).
32. J. Wang, L. Huang, M. Xue, Y. Wang, L. Gao, J.H. Zhu and Z. Zou,

J. Phys. Chem. C, 112, 5014 (2008).
33. N.A. Serri, A.H. Kamaruddin and W.S. Long, Bioprocess. Biosyst.

Eng., 29, 253 (2006).
34. M.M. Bradford, Anal. Biochem., 72, 248 (1976).
35. I. E. Fuentes, C.A. Viseras, D. Ubiali, M. Terreni and A.R Alcant-

ara, J. Mol. Catal. B-Enzym., 11, 657 (2001).
36. M. Llusar, G. Monrós, C. Roux, J. L. Pozzo and C. Sanchez, J. Mater.

Chem., 13, 2505 (2003).



Immobilization of Candida sp.99-125 lipase onto silanized SBA-15 mesoporous materials by physical adsorption 103

Korean J. Chem. Eng.(Vol. 31, No. 1)

37. F. Adam, H. Osman and K.M. Hello, J. Colloid Interface Sci., 331,
143 (2009).

38. G. Zhao, J. Wang, Y. Li, X. Chen and Y. Liu, J. Phys. Chem. C, 115,
6350 (2011).

39. A. Katiyar, L. Ji, P. Smirniotis and N.G. Pinto, J. Chromatogr. A,
1069, 119 (2005).

40. C. F. Wang, G.W. Zhou, Y.Q. Xu and J. Chen, J. Phys. Chem. C,
115, 22191 (2011).

41. G. Bayramo lu, S. Kiralp, M. Yilmaz, L. Toppare and M.Y. Ar ca,
Biochem. Eng. J., 38, 180 (2008).

42. G. Bayramo lu, M. Y lmaz, A.Ü. enel and M.Y. Ar ca, Biochem.
Eng. J., 40, 262 (2008).

g

⌒

i

g

⌒

i ÇS i



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageDownsampleThreshold 1.33333
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageDownsampleThreshold 1.33333
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /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 150
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.33333
  /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 ()
  /PDFXTrapped /False

  /DetectCurves 0.000000
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /PreserveDICMYKValues true
  /PreserveFlatness true
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /ColorImageMinDownsampleDepth 1
  /CropGrayImages true
  /GrayImageMinResolution 290
  /GrayImageMinResolutionPolicy /Warning
  /GrayImageMinDownsampleDepth 2
  /CropMonoImages true
  /MonoImageMinResolution 800
  /MonoImageMinResolutionPolicy /Warning
  /CheckCompliance [
    /None
  ]
  /PDFXOutputConditionIdentifier ()
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
  /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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


