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Abstract Considering the extraordinary microbial diver-

sity and importance of fungi as enzyme producers, the

search for new biocatalysts with special characteristics and

possible applications in biocatalysis is of great interest.

Here, we report the performance in the resolution of

racemic ibuprofen of a native enantioselective lipase from

Aspergillus niger, free and immobilized in five types of

support (Accurel EP-100, Amberlite MB-1, Celite, Mont-

morillonite K10 and Silica gel). Amberlite MB-1 was

found to be the best support, with a conversion of 38.2%,

enantiomeric excess of 50.7% and enantiomeric ratio

(E value) of 19 in 72 h of reaction. After a thorough

optimization of several parameters, the E value of

the immobilized Aspergillus niger lipase was increased

(E = 23) in a shorter reaction period (48 h) at 35�C.

Moreover, the immobilized Aspergillus niger lipase

maintained an esterification activity of at least 80% after

8 months of storage at 4�C and could be reused at least six

times.
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Introduction

Lipase (triacylglycerol hydrolases, EC 3.1.1.3) catalyzes

the hydrolysis of triacylglycerols in water, and, in non-

aqueous medium, is the enzyme most widely used in

organic synthesis, mainly because of its property of

catalyzing the resolution of racemic drugs such as (R,S)-

ibuprofen [2-(4-isobutylphenyl) propionic acid]. It has

been reported that (S)-ibuprofen is 160-fold more active

than its antipode in the in vitro synthesis of prostaglandin

[1]. The present authors previously reported the produc-

tion of a lipase from Aspergillus niger AC-54 that was

able to preferentially esterify (R)-ibuprofen, and provided

the best results for enantioselectivity and thermostability

when compared with other native lipases [3, 4]. However,

use of the crude freeze-dried powder of the free enzyme

requires the production of large quantities of enzyme

for each set of assays, making the process lengthy and

expensive.

The main advantage of using immobilized enzymes as

biocatalysts is that it is possible to reuse them since they

can be easily recovered, thereby making the process eco-

nomically feasible. Various techniques, and even more

support materials have been studied, and consequently

many immobilized preparations with a wide range of effi-

ciency, stability and activity are available. With respect to

immobilized enzymes, several parameters are important

when considering industrial applications: mechanical

strength, chemical and physical stability, hydrophobic/

hydrophilic character, enzyme loading capacity and cost, to

cite some. On account of the relatively high surface

hydrophobicity of lipases, the simple adsorption of lipases

onto suitably hydrophobic supports has been the more

popular strategy. In addition, immobilization by adsorption

is economically feasible and attractive [10, 14]. Industrially
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successful immobilized lipases are based on rigid, stable

supports (e.g., Novozyme 435, immobilized Candida ant-

arctica lipase B and RM-IM, immobilized Rhizomucor

miehei lipase).

Despite the large amount of work reported on the use of

lipases in enantioselective reactions, there are far fewer

reports on how best to immobilize a given lipase without

affecting its enantioselective properties. In the search for

suitable and low cost materials, the present study examined

and compared five inexpensive materials (Accurel EP-100,

Amberlite MB-1, Celite, Montmorillonite K10 and

Silica gel) as supports for the immobilization of a native

Aspergillus niger lipase. The esterification activity and

enantioselectivity of the free and immobilized enzymes

were assessed in the resolution of (R,S)-Ibuprofen in iso-

octane. In addition, important variables (amount of enzyme

adsorbed onto the support and the reaction temperature)

were established in order to optimize the process. The

reusability and storage stability of the immobilizate

selected were also determined.

Materials and methods

Chemicals

Isooctane, 1-propanol, (R,S)-ibuprofen and the pure enan-

tiomers were purchased from Sigma-Aldrich Chemical (St.

Louis, MO). Yeast extract and Bacto peptone were pur-

chased from Difco Laboratories, (Detroit, MI). Culture

media components, Celite, Silica-gel 60 Amberlite MB-1,

Montmorillonite K-10, chemical reagents and the other

solvents were obtained from Merck (Darmstadt, Germany)

and from Sigma-Aldrich with the highest purity available.

Low acidity olive oil (Carbonel, Spain) was purchased at a

local market. Accurel was donated by Membrana Under-

lining Performance (Germany).

Lipase

The lipase was produced in a basal medium with an initial

pH value of 6.0 and consisting of 2% (m/v) peptone, 0.5%

(m/v) yeast extract, 0.1% (m/v) NaNO3, 0.1% (m/v)

KH2PO4, 0.05% (m/v) MgSO4�7H2O and 2% (m/v) olive

oil. The cultures were grown in Erlenmeyer flasks

(500 mL) containing 120 mL growth medium. The cul-

tures were inoculated with 1 mL spore suspension (105–

106 spores/mL) and the flasks shaken on a rotary shaker

(130 rpm) at 35�C for 72 h. The cultures were filtered and

the supernatants treated with ammonium sulphate (80%

saturation). The precipitates were dialyzed against water

and freeze-dried for use as an extracellular crude lipase

preparation in powder form with a residual water content of

0.2% (m/m).

Assay of lipase activity

The hydrolytic activities of free and immobilized lipase

were measured by a titrimetric method previously descri-

bed [4] using olive oil as the substrate. Activities are

expressed in international units, where 1 U lipase is the

amount of enzyme able to catalyze the release of 1 lmol

oleic acid per minute at pH 7.0 and at 37�C. The amount of

protein was determined by the method of Lowry [13] using

egg albumin as a standard and measuring absorbance at

280 nm.

Immobilization by simple adsorption

The lipase obtained from A. niger, which had a specific

lipolytic activity of 0.56 U/mg protein, was immobilized

by adsorption onto Accurel EP-100, Amberlite MB-1,

Celite, Montmorillonite K10 and Silica gel supports. For

immobilization, crude lipase preparation (0.1 g) was

dissolved in 5 mL sodium phosphate buffer (50 mM

pH 7.0), mixed thoroughly with 500 mg dried support

and shaken at 200 rpm for 12 h. After immobilization,

the preparation was vacuum filtered, washed thoroughly

with deionized water and rinsed with a sodium phos-

phate buffer solution of the same pH. The final prepa-

ration was then freeze dried and stored at 4�C for further

use.

Immobilization yield

Immobilization yield was defined as follows:

Immobilization yield (%) ¼ ðaimm=afreeÞ � 100

where aimm is the total activity of immobilized enzyme

(U/mg), and afree is the total activity of initial enzyme

preparation (U/mg).

Esterification reaction

The standard reaction mixture was composed of (R,S)-

ibuprofen (66 mM), 1-propanol (66 mM) and isooctane

(10 mL), without the addition of water, contained in

stoppered conical flasks. The reaction was started by the

addition of 40 mg free lipase (or 240 mg immobilized

lipase, which equates to 40 mg lipase and 200 mg

support) and incubated in an orbital magnetic shaker at

35�C with stirring at 180 rpm. Experiments without the

addition of the enzyme were carried out to evaluate the

percentage of spontaneous esterification in the system.

The above experiments were repeated varying the enzyme
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concentration from 2.4 to 4.8% and the temperature from

25 to 50�C. Samples of 100 lL of each solution were

withdrawn at different times (12–96 h) and diluted in

1.4 mL isooctane. The amount of ester (conversion

degree) formed during the reaction and the enantiomeric

excess of (S)-ibuprofen were determined by gas chroma-

tography (GC) and high performance liquid chromato-

graphy (HPLC), respectively.

Chromatography analysis

Gas chromatography was performed using a Chrompack

CP 9001 gas chromatograph equipped with a flame ioni-

zation detector (FID) and a CP-Sil 5 CB column

(10 m 9 0.25 mm 9 0.12 lm). The injector temperature

was 300�C and that of the detector 350�C; the oven tem-

perature was maintained at 180�C. The carrier gas was

hydrogen with a flow rate of 1.0 mL/min. An external

standard method was employed to quantify the ester

formed and the acid remaining. The enantiomers of the

unreacted ibuprofen were separated by HPLC using a

chiral column (Chiralcel OD, Daicel Chemical Industries,

Japan). The mobile phase was a mixture of n-hexane/Iso-

propanol/trifluoracetic acid (HPLC grade) (100/1/0.1 v/v/v)

at a flow rate of 1.0 mL/min, and detection was by UV at

254 nm. The retention time of each compound was

7.835 min for (S)-ibuprofen and 7.061 min for (R)-

ibuprofen.

Enantioselectivity-value measurements

The enantioselectivity value (E value) was calculated from

the enantiomeric excess of the remaining (S)-Ibuprofen

(ee), and the conversion degree (c) according to the method

described by Chen et al. [5] (Eq. 1).

E ¼ ln ð1� cÞ½ �ð1� eeSÞ
ln ð1� cÞð1þ eeSÞ½ � ð1Þ

Results and discussion

Enantioselective esterification for the optical resolution

of racemic ibuprofen

The results obtained in the immobilization studies of

A. niger lipase in the resolution of (R,S)-ibuprofen are

shown in Table 1. As described earlier, a molar ratio of 1:1

(1-propanol:ibuprofen) with 40 mg (0.4% m/v) free

enzyme was able to catalyze the kinetic resolution of

ibuprofen by esterification [4]. When 2.4% (m/v) of

immobilized lipase (corresponding to 0.4% m/v free

enzyme) was used, the conversion was between 7.2 and

38.2%. This is less than the expected theoretical value that

could be achieved in kinetic resolutions (50%). Although

the desired result was not obtained in the kinetic resolution

catalyzed with the lipase immobilized on the different

supports, it was evident that the catalytic conversion,

enantiomeric excess, and consequently the E value, shown

by enzyme immobilized on Amberlite MB-1 (E = 19) in

the resolution of (R,S)-ibuprofen were much better than

enzyme immobilized on the other support materials used

here. As a rule of thumb, enantiomeric ratios below 15 are

unacceptable for practical purposes, those from 15 to 30

are considered as moderate to good and above this value

they are considered to be excellent [8]. Under the test

conditions used, the free lipase had an E value of 6.9, and

when the conversion reached 14.6%, the enantiomeric

excess of (S)-ibuprofen showed a maximal value of 12%

after 72 h. In addition, as can be seen from the data in

Table 1, lipase adsorbed on Amberlite MB-1 gave an

Table 1 Kinetic resolution of (R,S)-ibuprofen catalyzed by free and immobilized Aspergillus niger lipase immobilized on different supports.

Reaction conditions: (R,S)-ibuprofen (66 mM), 1-propanol (66 mM), isooctane (10 mL), and 22.4 units of free and immobilized lipases at 35�C

for 72 h

Type of support ca (%) eeb (%) Ec Immobilization yield (%)

No support (free lipase) 14.6 ± 1.3 12.0 6.9 –

Accurel EP-100 30.6 ± 2.5 31.8 9.5 36.8 ± 3.8

Amberlite MB-1 38.2 ± 1.8 50.7 19 61.7 ± 5.4

Celite 26.0 ± 0.8 6.0 1.5 32.4 ± 6.8

Montmorillonite K10 32.0 ± 0.8 34.8 9.8 53.5 ± 5.4

Silica gel 7.2 ± 1.3 NDd ND 15.8 ± 4.2

a Conversion (c) is given as the percentage of initial racemic ibuprofen esterified after the reaction time
b Enantiomeric excess (ee) of the (S)-ibuprofen active (enantiomer not esterified)
c Enantiomeric ratio
d Not detected
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immobilization yield of approximately 62%. Based on

these results, A. niger lipase immobilized in Amberlite

MB-1 was selected and used in all subsequent experiments.

Amberlite MB-1 consists of hydrophobic beads of a

strongly basic and acidic resin [12]. On the other hand,

Montmorillonite K10 is the commercially available acid

activated form of smectite (2:1 dioctahedral). Other

common hydrophobic supports include polyethylene,

polypropylene, styrene and acrylic polymers. Celite and

Silica gel belong to the hydrophilic group of supports,

which also include Duolite, activated carbon, clay and

Sepharose. This might explain why lipase immobilized

on Celite and Silica gel showed the lowest enantiose-

lectivity, because hydrophilic supports generally result in

high losses of lipase activity upon immobilization. These

losses in activity have been attributed to the following

possibilities: a situation in which only small quantities of

lipase are immobilized; a change in the conformation of

the lipase on adsorption, into a form with reduced

activity; a decrease in the ability of hydrophobic sub-

strates to reach the active site of the enzyme; or the

existence of steric hindrance imposed by the carrier

matrix, which constrains the flexibility of the lipase

molecule [9]. These results are in agreement with data

reported in the literature. Serri et al. [15] reported that

Amberlite was much better than Celite as a support

material for the immobilization of C. rugosa lipase in the

synthesis of citronellyl laurate. Chen and Tsai [6]

reported that the immobilization of Candida rugosa

lipase on Accurel suppressed the enantioselectivity in the

synthesis of the (S)-ibuprofen ester in cyclohexane.

The effect of temperature on the catalytic activity

of the immobilized enzyme

The effect of temperature on the resolution of (R,S)-

ibuprofen using A. niger lipase immobilized on the

Amberlite MB-1 support was examined in the range of

25–50�C after 72 h of reaction (Fig. 1). The results

showed that the conversion degree and enantiomeric

excess increased with increase in temperature from 25�C

to 45�C, increasing from 15 to 40% and 8 to 50%,

respectively. The values were quite similar in the range

from 35 to 45�C, and the E values remained constant

throughout the 72 h of reaction, being approximately 20.

However, at 50�C the selectivity (E value) decreased

from 20 to 7.1. This was probably due to some dena-

turation of the protein structure, resulting from the

breakdown of the weak ionic and hydrogen bonding that

stabilized the three dimensional structure [7]. Taking into

account the above results, a temperature of 35�C was

selected for use in the study of the influence of enzyme

loading on the resolution of (R,S)-ibuprofen.

The effect of enzyme loading on the catalytic activity

of the immobilized enzyme

The effect of lipase loading on the support was studied

using different enzyme concentrations (Fig. 2). The con-

version and enantiomeric excess improved as the amount of

enzyme adsorbed increased. When the reaction was carried

out with 3.6% (w/v) of enzyme, excellent conversions

(45.6%) and enantiomeric excess (69%) were obtained after

48 h, this shorter time being very important for the cost of

the process. More importantly, the enantioselectivity was

significantly improved (E = 23). However, larger amounts
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Fig. 1 Effect of temperature on the conversion (filled circle) and

enantiomeric excess (open circle) obtained with Aspergillus niger
lipase immobilized on Amberlite MB-1 for the resolution of (R,S)-

ibuprofen (72 h). Each data point represents the average of three

experiments; error bars standard deviation
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Fig. 2 Conversion (c) and enantiomeric excess (ee) obtained with

A. niger lipase immobilized on Amberlite MB-1 for the resolution of

(R,S)-ibuprofen at different enzyme concentrations as a function of

time at 35�C. filled square c for 3.6% m/v, filled circle c for 2.4%

m/v, open square ee for 3.6% m/v, open circle ee for 2.4% m/v. Each

data point represents the average of three experiments; error bars
standard deviation
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of enzyme (4.8%) did not further improve the esterification

reaction (data not shown), probably due to saturation of the

reaction rate as a result of the increase in substrate diffusion

inhibition caused by enzyme aggregation. With higher

enzyme loading, the onset of mass transfer limitations poses

another difficulty that prevents the enzyme from exerting its

activity at a higher rate.

An important parameter that controls the activity of

immobilized enzymes is enzyme loading, particularly with

lipases, which have strong affinity for surfaces. According

to Bosley and Peilow [2], at low enzyme loadings, the

lipase attempts to maximize its contact with the surface,

which results in a loss of conformation and, consequently,

in a reduction of activity. As loading is increased, less area

is available for the lipase to spread itself, and therefore

more of its active conformation is retained, and the loss in

activity is reduced. Lee et al. [11] reported on the immo-

bilization of Candida rugosa lipase for the resolution of

(R,S)-ibuprofen, and observed that when the amount of

lipase was higher than 10 mg, no further increase in

activity was apparent.

Reuse and storage stability of free and immobilized

lipase in the resolution of (R,S)-ibuprofen

The residual esterification activity of the free and immo-

bilized lipase with repeated use is shown in Fig. 3. These

data indicate that lipase immobilized on Amberlite MB-1

was stable after repeated operations. Immobilized lipase

retained its activity with little loss after six reaction cycles.

For the first two reuses, no obvious loss of immobilized

lipase activity was observed. After four reuses, the activity

loss was only 10%. After six reuses, the immobilized lipase

retained 70% of residual esterification. However, almost

20% of the free lipase was lost in the second batch, and its

activity was decreased gradually in subsequent cycles,

resulting in 23% activity.

The storage stability of the immobilized lipase com-

pared with that of free lipase is shown in Fig. 4. After

8 months of storage at 4�C, the residual esterification

activity of the immobilized lipase was 80%, while that of

the free lipase was 35%, indicating that the immobilization

procedure considerably increased the storage stability.

Although throughout this study the E values were not

high enough for industrial applications, the significant

increase in enantioselectivity of the enzyme immobilized

on Amberlite was promising for a biocatalytic reaction,

especially when one considers the fact that this enzyme can

be recycled and reused at least six times, and retained at

least 80% of its esterification activity after 8 months of

storage at 4�C.

Acknowledgments The authors wish to acknowledge the financial

support provided by the following Brazilian Granting Agencies:

Fundação de Amparo a Pesquisa do Estado de São Paulo (FAPESP)

and Universidade São Francisco (USF).

References

1. Adams SS, Bresloff P, Mason GC (1976) Pharmacological dif-

ference between the optical isomers of ibuprofen: evidence for

metabolic inversion of the (-)-isomer. J Pharm Pharmacol

28:156–157

2. Bosley JA, Peilow AD (1997) Immobilization of lipases on porous

polypropylene: reduction in esterification efficiency at low loading.

J Am Oil Chem Soc 74:107–111. doi:10.1007/s11746-997-0153-6

1 2 3 4 5 6 7

0

20

40

60

80

100

R
es

id
ua

l e
st

er
ifi

ca
tio

n 
ac

tiv
ity

 (
%

)

Recycle Number

Fig. 3 Residual esterification activity versus recycle number during

the reuse study for the resolution of (R,S)-ibuprofen. filled square Free

A. niger lipase, open circle immobilized A. niger lipase. Each data
point represents the average of three experiments; error bars standard

deviation

1 2 3 4 5 6 7 8

0

20

40

60

80

100

R
es

id
ua

l e
st

er
ifi

ca
tio

n 
ac

tiv
ity

 (
%

)

Storage time (months)

Fig. 4 Stability of free and immobilized A. niger lipase preparations

during 8 months of storage at 4�C. filled square Free A. niger lipase,

filled circle immobilized A. niger lipase. Each data point represents

the average of three experiments; error bars standard deviation

J Ind Microbiol Biotechnol (2009) 36:949–954 953

123

http://dx.doi.org/10.1007/s11746-997-0153-6


3. Carvalho PO, Calafatti AS, Marassi M, da Silva DM, Contesini

FJ, Bizaco R, Macedo GA (2005) Potencial de biocatálise

enantioseletiva de lipases microbianas. Quim Nova 28:614–621

4. Carvalho PO, Contesini FJ, Ikegaki M (2006) Enzymatic reso-

lution of (R, S)- ibuprofen and (R, S)-ketoprofen by microbial

lipases from native and commercial sources. Braz J Microbiol

37:329–337. doi:10.1590/S1517-83822006000300024

5. Chen C-S, Fujimoto Y, Girdaukas G, Sih CJ (1982) Quantitative

analyses of biochemical kinetic resolutions of enantiomers. J Am

Chem Soc 104:7294–7299. doi:10.1021/ja00389a064

6. Chen J-C, Tsai S-W (2000) Enantioselective synthesis of (S)-

ibuprofen ester prodrug in cyclohexane by Candida rugosa lipase

immobilized on Accurel MP1000. Biotechnol Prog 16:986–992.

doi:10.1021/bp0000961

7. da Silva VCF, Contesini FJ, Carvalho PO (2008) Characterization

and catalytic activity of free and immobilized lipase from Asper-
gillus niger: a comparative study. J Braz Chem Soc 8:1468–1474

8. Faber K (2000) Biotransformation in organic chemistry, 4th edn.

Springer, Berlin

9. Gandhi NN, Sawant SB, Joshi JB (1995) Studies on the lipozyme

catalyzed synthesis of butyl laureate. Biotechnol Bioeng 46:1–12.

doi:10.1002/bit.260460102

10. Ivanov AE, Schneider MP (1997) Methods for immobilization of

lipase and their use for ester synthesis. J Mol Catal B Enzym

3:303–309. doi:10.1016/S1381-1177(97)00012-X

11. Lee G, Kim J, Lee J-H (2008) Development of magnetically

separable polyaniline nanofibers for the enzyme immobilization

and recovery. Enzyme Microb Technol 4:466–472. doi:

10.1016/j.enzmictec.2007.12.006

12. Long WS, Kamaruddin AH, Bhatia S (2003) A comparative study

of palm oil hydrolysis by C. rugosa lipase in packed bed reactor:

covalent bound vs. adsorbed to Amberlite MB-1. J Inf Technol

12:37–55

13. Lowry OH, Rosenbrough NJ, Farr AL, Randall RJ (1951) Protein

measurement with the Folin Phenol Reagent. J Biol Chem

193:265–275

14. Persson M, Mladenoska I, Wehtje E, Adlercreutz P (2002)

Preparation of lipases for use in organic solvents. Enzyme Microb

Technol 31:833–841. doi:10.1016/S0141-0229(02)00184-9

15. Serri NA, Kamaruddin AH, Long WS (2006) Studies of reaction

parameters on synthesis of Citronellyl laurate ester via immobi-

lized Candida rugosa lipase in organic media. Bioprocess Biosyst

Eng 29:253–260. doi:10.1007/s00449-006-0074-z

954 J Ind Microbiol Biotechnol (2009) 36:949–954

123

http://dx.doi.org/10.1590/S1517-83822006000300024
http://dx.doi.org/10.1021/ja00389a064
http://dx.doi.org/10.1021/bp0000961
http://dx.doi.org/10.1002/bit.260460102
http://dx.doi.org/10.1016/S1381-1177(97)00012-X
http://dx.doi.org/10.1016/j.enzmictec.2007.12.006
http://dx.doi.org/10.1016/S0141-0229(02)00184-9
http://dx.doi.org/10.1007/s00449-006-0074-z

	Enantioselective behavior of lipases from Aspergillus niger immobilized in different supports
	Abstract
	Introduction
	Materials and methods
	Chemicals
	Lipase
	Assay of lipase activity
	Immobilization by simple adsorption
	Immobilization yield
	Esterification reaction
	Chromatography analysis
	Enantioselectivity-value measurements

	Results and discussion
	Enantioselective esterification for the optical resolution of racemic ibuprofen
	The effect of temperature on the catalytic activity �of the immobilized enzyme
	The effect of enzyme loading on the catalytic activity �of the immobilized enzyme
	Reuse and storage stability of free and immobilized lipase in the resolution of (R,S)-ibuprofen

	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /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
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /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
  ]
  /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

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


