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Abstract Microemulsions (ME) can act as a reservoir of
solubilized hydrophobic substrates. The biotransformation
of hydrophobic sitosterol to androstenedione (AD) with
MEs prepared from nutrient broth and PEG 200 (1:1) as
aqueous phase, 40 g/l sitosterol dissolved in chloroform as
organic phase, Triton X114 and Tween 80 (1:1) as surfac-
tant phase, was investigated. The phase behavior of this
system was studied for ten diVerent ratios(w/w), 10:0, 9:1,
8:2, 7:3, 6:4, 5:5, 4:6, 3:7, 2:8, 1:9 and 0:10 of the organic
phase and surfactant at 30 °C. A pseudoternary phase dia-
gram was constructed to demarcate the region giving stable
MEs. The maximum solubility of sitosterol in ME medium
was observed to be 8 g/l, which is 3 orders of magnitude
higher than the reported sitosterol solubility of 2–4 mg/l in
aqueous medium. The ME medium was used for biotrans-
formation studies and a comparative result has been
reported. Transmission electron microscopy of cells grown
in ME having oil, surfactant and aqueous phase in the ratio
of 6:14:80 showed a weakened cell wall structure that per-
mitted production of 465.86 mg/l AD.

Keywords Androstenedione · Biotransformation · 
Microemulsion · Phase diagram · Sitosterol

Introduction

Androstenedione (AD) is a pharmaceutically important
steroid intermediate which is industrially prepared by

selective side chain degradation of sterols. Microbial side
chain degradation of sterols is a diVusion-limited process
due to the poor solubility of substrates and products in the
aqueous medium. Solubility of steroids in water ranges
from 0.01 to 0.1% [8]. Low solubility of substrates leads to
low transport rates to and from the cells, resulting in lower
biotransformation yields. Several attempts have been
undertaken to increase the soluble substrate concentration
some of which includes the use of water miscible organic
systems, organic aqueous biphasic systems and cloud point
(CP) systems [1, 8, 9]. Among these systems, a substantial
increase in interfacial surface area was achieved in cloud
point system because the solute becomes extensively
dispersed in the coacervate phase. Microemulsion (ME)
systems can also increase interfacial surface area by the
formation of micelles and may be eVectively used in
microbial biotransformation.

A ME is a homogenous, transparent and stable disper-
sion comprising micro-domains of oil or water. These are
mainly composed of an aqueous phase, an oil phase and a
mixture of surfactant/cosurfactant. These can be oil in
water (O/W) or water in oil (W/O) type depending on the
nature of surfactant, composition and temperature. Use of
such systems as biotransformation medium can overcome
the problems of substrate solubility as well as the substrate
and product inhibition associated with microbial transfor-
mation of steroids. In cloud point systems, the solid sub-
strate is carried in dispersible surfactant vesicles to the cell
surface of the microorganism where biotransformation
occurs [10]. Whereas, in ME systems the hydrophobic sub-
strate is dissolved in the organic phase and carried as
micelles to the microorganism. Since the ME system is a
micelle system, a smaller quantity of surfactant is required
for dissolving a given amount of substrate compared to the
CP system. Both CP and ME systems are currently being
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studied for the development of high conversion biotransfor-
mation processes. The temperature and composition depen-
dence of these systems are being examined for the
development of rapid and eYcient downstream processing
methods.

There are very few reports on use of ME as a medium
for biotransformation. In 1991, Smolders et al. [7] had
reported the use of ME for �1,2-dehydrogenation of
16-methyl-Reichstein’s compound S-21-acetate (16MRSA)
using Arthrobacter simplex. More recently, Prichanont
et al. [5] reported the studies on solubilization of Mycobac-
terium sp. in ME system and subsequently used this system
for chiral epoxide production [6]. In this paper, we report
for the Wrst time, a systematic methodology for preparation
and application of Nutrient broth/PEG200/TritonX114/
Tween 80/Chloroform based ME for biotransformation of
�-sitosterol to AD.

In the present work, application of ME as a reservoir of
solubilized �-sitosterol and biotransformation medium has
been evaluated. Preparation of ME comprising nutrient
broth (NB), polyethylene glycol (PEG) 200, Triton X114,
Tween 80 and chloroform as principal components, was
carried out. The stability of prepared ME system was exam-
ined at diVerent temperatures and diVerent lengths of time.
Biotransformation of �-sitosterol to AD was used as a
model system.

Materials and methodology

Microorganisms and chemicals

Mycobacterium sp. DSM 2966 was purchased from Deutsche
Sammlung von Mikroorganismen und Zellkulturen GmbH,
Germany and maintained on nutrient agar slants. A mutant
strain obtained from Mycobacterium sp. DSM 2966 was
used in the present study. For development of a mutant
strain, the parent strain was initially acclimatized to
20 g/l sitosterol concentration by growing them on
increasing concentration (2–20 g/l) of sitosterol in a step
wise manner. The strain acclimatized to 20 g/l sitosterol
concentration, was subjected to NTG mutagenesis. The
strain tolerant to 1 g/l AD concentration and exhibiting
highest sitosterol biotransformation ability was used in
experiments.

�-sitosterol and Triton X114 was purchased from Acros
organics (USA). Reference grade 4-androstene-3,17-dione
(AD) was purchased from Sigma. Nutrient broth (NB) was
purchased from Himedia (India). HPLC grade Chloroform,
Polyethyleneglycol 200 (PEG) and Tween 80 was pur-
chased from Merck (India). Double distilled deionized
water was used for the preparation of ME.

Preparation and characterization of microemulsions

For ME preparation, NB and PEG (1:1 w/w) was used as
aqueous phase, while chloroform carrying 40 g/l sitosterol
was used as oil phase. Triton X114 and Tween 80 (1:1 w/w)
was used as surfactant phase. Calculated quantities of diVer-
ent components were measured (w/w) and mixed individu-
ally in a beaker with constant stirring on a magnetic stirrer.
All compositions of oil: surfactant ratio ranging from 10:0 to
0:10 with corresponding amount of aqueous phase were
tried. The optimized stirring time was 45 min at a constant
temperature of 30 °C during ME preparation. The diVerent
compositions which gave stable ME are presented in Table 1.
A pseudoternary phase diagram was constructed and the
region giving stable ME system has been shown in Fig. 1.

These ME systems were characterized for sitosterol sol-
ubilizing capacity and stability at 4, 25, 30 and 35 °C.
EVective diameter of ME particles was determined, using a
particle size analyzer (Brookhaven Instruments Corpora-
tion, USA). Sitosterol solubility in prepared ME system
was analyzed by HPTLC (CAMAG, Switzerland).

Application of microemulsion as biotransformation 
medium

Biotransformation studies were performed in Wve diVerent
ME preparations (Table 2), along with a control. The mutant
Mycobacterium sp. DSM 2966 cells required for biotrans-
formation was grown in NB medium containing 0.2% (v/v)
Tween 80; the culture was prepared in 50 ml of this medium
taken in 250 ml Xasks and incubated for 48 h at 30 °C with
agitation at 200 rpm. Ten milliliters of this culture was
centrifuged at 10,000 rpm for 10 min. Cell precipitate was
used for inoculating 20 ml of ME preparation to carry out
the biotransformation experiments. Control experiments were
carried out in similar experimental conditions with 20 ml NB
having 0.2% (v/v) Tween 80 and 2 g/l �-sitosterol. Bio-
transformation experiments were carried out for 48 h at
30 °C with constant shaking at 200 rpm in an orbital shaking
incubator (Orbitek, India).

Extraction and analysis

Two milliliter of sample was withdrawn from culture broth
and was extracted by 8 ml of methanol for 2 h. The extracts
were then Wltered through a 0.45 �m nylon syringe Wlter
and transferred to a sampling vial.

The extracts were spotted in 5 �l aliquots along with
internal standards, onto Kieselgel 60 F254 Xuorescent thin
layer chromatography (TLC) plates (Merck, Germany)
using a Linomat V sample applicator (Camag, Switzerland).
Linear ascending development, with 1:1 v/v composition of
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chloroform and diethyl ether as mobile phase, was performed
in a 20 cm £ 10 cm twin trough glass chamber (Camag,
Switzerland). The developing chamber was previously
saturated with mobile phase for 30 min at room temperature
(25 § 2 °C) and the plates were developed upto the distance
of 80 mm. After development, the TLC plates were dried
using a hair dryer. AD was observed as black spots on a
yellow green Xuorescent background. Densitometric scanning
of these TLC plates was performed at 251 nm with a Camag
TLC Scanner III in absorbance mode operated by WinCats
software (Version 1.2.0). The concentration of AD in the

samples was determined from the internal AD standard cali-
bration curve. Sitosterol was also analyzed by HPTLC using
Kieselgel 60 F254 Xuorescent thin layer chromatography
(TLC) plates (Merck, Germany). Toluene: Ethyl acetate
(8:2) was used as mobile phase. After running the sample
loaded plates in mobile phase, these were dipped in anisalde-
hyde-sulfuric acid reagent (sulfuric acid: methanol: acetic
acid:: 1:17:2) for 1 second for derivatization of sitosterol.
Plates were then heated at 100 °C for 5 min. Densitometric
scanning of these derivatized TLC plates was performed at
366 nm with a Camag TLC Scanner III in absorbance mode
operated by WinCats software (Version 1.2.0). The concen-
tration of sitosterol in the samples was determined from the
internal sitosterol standard calibration curve.

Transmission electron microscopy of mycobacterial cells

EVect of ME composition on mycobacterial cells was eval-
uated by Transmission Electron Microscopy (TEM). Cells

Table 1 Composition of vari-
ous components giving stable 
microemulsions

Experiment Oil (g) Surfactant (g) Water (g) Oil (%) Surfactant (%) Water (%)

1. 2.00 (1.99) 3.00 (3.01) 5.00 (5.01) 20 30 50

2. 1.60 (1.60) 2.40 (2.41) 6.00 (6.00) 16 24 60

3. 1.20 (1.23) 1.80 (1.81) 7.00 (7.00) 12 18 70

4. 0.80 (0.81) 1.20 (1.21) 8.00 (8.01) 8 12 80

5. 1.50 (1.53) 3.50 (3.52) 5.00 (5.02) 15 35 50

6. 1.20 (1.20) 2.80 (2.81) 6.00 (6.01) 12 28 60

7. 0.90 (0.93) 2.10 (2.15) 7.00 (7.01) 9 21 70

8. 0.60 (0.62) 1.40 (1.41) 8.00 (8.01) 6 14 80

9. 0.30 (0.31) 0.70 (0.71) 9.00 (9.00) 3 7 90

10. 0.80 (0.81) 3.20 (3.21) 6.00 (6.01) 8 32 60

11. 0.60 (0.61) 2.40 (2.40) 7.00 (7.03) 6 24 70

12. 0.40 (0.41) 1.60 (1.61) 8.00 (8.00) 4 16 80

13. 0.20 (0.20) 0.80 (0.82) 9.00 (9.01) 2 8 90

14. 0.40 (0.44) 3.60 (3.60) 6.00 (6.02) 4 36 60

15. 0.30 (0.31) 2.70 (2.71) 7.00 (7.00) 3 27 70

16. 0.20 (0.20) 1.80 (1,83) 8.00 (8.00) 2 18 80

17. 0.10 (0.11) 0.90 (0.90) 9.00 (9.00) 1 9 90

The values in normal font denote 
the points of intersection on the 
pseudo ternary diagram; the val-
ues in italics are actual experi-
mental data corresponding to 
these points

Fig. 1 Pseudoternary Phase Diagram of the system of W (Nutrient
broth + PEG)/O (Chloroform)/S (Triton X114 + Tween 80). The shaded
area indicates the compositions for which stable microemulsions were
obtained
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Table 2 Particle size and concentration of sitosterol in the ME formu-
lations that were used for biotransformation studies

Experiments numbers correspond to those in Table 1

Experiment EVective particle 
diameter (�m)

Sitosterol 
(mg/l)

Initial After 30 days

5. 25.66 33.95 5,571 § 272

6. 22.84 33.63 4,614 § 123

7. 14.25 16.35 3,317 § 198

8. 10.09 31.48 2,239 § 176

9. 22.00 33.03 1,058 § 097
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obtained from biotransformation broth of control experi-
ment and experiment exhibiting highest AD concentration
(Experiment no. 8) was used for this study. Cells were har-
vested by centrifuging them at 10,000 rpm for 10 min.
These cells were then washed with 0.1 M phosphate buVer
(pH 7.4) and Wxed in 2.5% v/v glutaraldehyde in 0.1 M
sodium cacodylate buVer (pH 7.2). Cells were further pro-
cessed as per the procedure of Fraud et al. [2]. Transmis-
sion Electron Micrographs were recorded in TEM Philips,
CM-10 model.

Results and discussion

Preparation and characterization of microemulsions

During this study of preparation and characterization of
ME, diVerent compositions of oil, water and surfactant
phase was investigated to locate the stable region of the
phase diagram. Stable ME was obtained at 17 diVerent
compositions shown in the Table 1. Chloroform concentra-
tion in such ME system ranged from 1 to 20%. This meant
that the sitosterol concentration in such ME system was in
the range of 400 mg/l to 8 g/l. The maximum solubility of
sitosterol in ME medium was observed to be 8 g/l (20%
chloroform containing 40 g/l sitosterol), which is 3 orders
of magnitude higher than the reported sterol solubility (0.01
to 0.1%) in aqueous medium.

Five diVerent ME preparations were evaluated for their
stability at diVerent temperatures. Appearance of turbidity
or precipitation was treated as an indication of instability.
ME compositions found to be stable for more than 30 days
at 4, 25, 30 and 35 °C, were used for subsequent biotrans-
formation experiments. The eVective diameter of particles
in freshly prepared ME system was between 10–25 �m.
Over a period of 30 days, particles coalesce and the eVec-
tive diameter increases but remains below 35 �m (Table 2).

These results further conWrmed that the ME system used for
this study were highly stable.

Sitosterol biotransformation studies in microemulsions

Sitosterol biotransformation results show an enhanced
production of AD as compared to the control culture (Fig. 2).
While control experiments resulted in an average of 69 mg/l
AD production, the AD produced in ME medium was
88.65, 113.06, 126.62, 465.86 and 308.22 mg/l for experi-
ments 5–9, respectively. Higher interfacial area for mass
transfer achieved in ME system improves AD production.
Interestingly it was observed that although experiment 8
has smallest particle size (10.09 �m) and gives the highest
AD concentration, its percentage molar conversion based
on the initial moles of solubilized sitosterol is 30.1%. In
comparison, experiment 9 has a percentage conversion of
42.2% (particle size 22.0 �m). Similarly, experiment 7 has
a percentage conversion of only 5.5% although it has the
second smallest particle size (14.25 �m). The oil to surfac-
tant ratios are nearly the same for all the experiments (ca
0.42–0.44) but the surfactant to water ratios are very diVer-
ent (ca 0.07–0.7). Therefore, it appears that, in addition to
the particle size, some other factors also inXuence the sitos-
terol biotransformation in ME system. Further analysis of
biotransformation results revealed a decrease in percent
molar conversion with the increase of solvent concentra-
tion. Since the particle size of 22 �m obtained for the low-
est solvent concentration of 3% is comparable to 25.7 �m
obtained for the highest solvent concentration of 15%, the
increase in solvent concentration will result in the increase
in the number of particles per unit volume of ME. Conse-
quently, the cells will have a higher frequency of interac-
tion with ME particles resulting in a longer duration
of contact with the solvent phase. Since the cells of the
Mycobacterium sp. were adapted to 20 g/l sitosterol concen-
tration and the maximum concentrations of sitosterol used in

Fig. 2 Results of �-sitosterol to 
androstenedione biotransforma-
tion in diVerent microemulsion 
compositions. The control 
experiment was performed in 
Nutrient broth medium supple-
mented with 0.2% tween 80 and 
2 g/l sitosterol
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these experiments were far below this value, the toxic eVect
of substrate may not be the main cause for reduction in bio-
transformation. Therefore, the eVect of the solvent on the
mycobacterial cell wall appears to be the primary cause of
reduction in biotransformation of sitosterol to AD. Indeed,
the values obtained reveal an inverse correlation between
chloroform concentration and percentage molar conversion
of sitosterol to AD. The log P value of chloroform is 2 indi-
cating that its eVect on the mycobacterial cells is not pre-
dictable [4]. Since the presence of water layer is essential
for microbial biocatalysis [3], an increased distortion of this
essential water layer surrounding the hydrophobic myco-
bacterial cell wall as well as partial dissolution of the cell
wall, may aVect the stability of the cells and hence biotrans-
formation. Therefore, other biocompatible solvents pos-
sessing favorable log P and amenable to stable ME production
may be investigated to further improve the biotransformation
eYciency of such systems.

Transmission electron microscopy of microemulsion 
grown cells

EVect of components present in ME system on Mycobacte-
rium cell wall was evaluated by comparison of the TEM
micrograph of cells grown in control culture with those
grown in ME giving the highest AD yield. TEM pictures
revealed a thin and weakened cell wall of Mycobacterium
grown in ME, as compared to those of the intact and thick
wall of control cells (Fig. 3a, b). This observation indicates
that the weakening and partial deformation of mycobacte-
rial cell wall may also contribute to enhanced sitosterol per-
meability across the cell wall, resulting in a higher yield of
AD (Fig. 2).

Conclusion

It was concluded that MEs can be used as a reservoir of
solubilized sterol substrates and also as the medium for

carrying out sterol biotransformation with higher product
yield. The ME medium was stable for more than 30 days at
4–35 °C. The highest percentage molar conversion based
on the initial moles solubilized was 42.2% and it was
obtained for a 0.03:0.07:0.90 (oil:surfactant:water) ME
medium. The large surface area provided by such systems
for mass transfer results in higher bioconversion yields.
However, the composition of the ME has signiWcant eVect
on the degree of conversion of sitosterol to AD.

Acknowledgments Research fellowship from the Council of Scien-
tiWc and Industrial Research (CSIR) is deeply acknowledged by
A. Malaviya. A partial grant from IIT Delhi and travel grant from
Department of Biotechnology (DBT), Government of India, was received
for attending BioMicroworld 2007. TEM facility was provided by SAIF,
AIIMS, New Delhi.

References

1. Cruz A, Fernandes P, Cabral JMS, Pinheiro HM (2004) Solvent
partitioning and whole cell sitosterol bioconversion activity in
aqueous-organic two-phase system. Enzyme Microb Technol
34:342–353

2. Fraud S, Hann AC, Maillard JY, Russell AD (2003) EVects of
ortho-phthalaldehyde, glutaraldehyde and chlorohexidine diace-
tate on Mycobacterium chelonae and Mycobacterium abscessus
strains with modiWed permeability. J Antimicrob Chemother
51:575–584

3. Fernandes P, Cabral JMS, Pinheiro HM (1998) InXuence of some
operational parameters on the bioconversion of sitosterol with
immobilized whole cells in organic medium. J Mol Catal B Enzym
5:307–310

4. Laane C, Boeren S, Vos K, Veeger C (1987) Rules for optimization
of biocatalysis in organic solvents. Biotechnol Bioeng 30:81–87

5. Prichanont S, Leak DJ, Stuckey DC (2000) The solubilisation of
mycobacterium in a water in oil microemulsion for biotransforma-
tions: system selection and characterization. Colloids Surf A Phys-
icochem Eng Asp 166:177–186

6. Prichanont S, Leak DJ, Stuckey DC (2000) Chiral epoxide produc-
tion using mycobacterium solubilised in a water-in-oil microemul-
sion. Enzyme Microb Technol 27:134–142

7. Smolders AJJ, Pinheiro HM, Noronha P, Cabral JMS (1991) Ste-
roid biotransformation in a microemulsion system. Biotechnol
Bioeng 38:1210–1217

Fig. 3 TEM micrograph of 
Mycobacterium sp. DSMZ 2966. 
a Control cultures grown for 
48 h in nutrient broth added with 
0.2% tween 80 and 2 g/l sitos-
terol. b Mycobacterium sp. 
grown in ME (6% Chloroform, 
14% Surfactant and 80% water) 
for 48 h
123



1440 J Ind Microbiol Biotechnol (2008) 35:1435–1440
8. Stefanov S, Yankov D, Beschkov V (2006) Biotransformation of
phytosterols to androstenedione in two phase water-in-oil systems.
Chem Biochem Eng Q 20(4):421–427

9. Wang Z, Zhao F, Hao X, Chen D, Li D (2004) Microbial Transfor-
mation of hydrophobic compound in cloud point system. J Mol
Catal B Enzym 27:147–153

10. Wang Z, Hao X, Chen D (2008) Whole cell microbial transforma-
tion in cloud point system. J Ind Microbiol Biotechnol. doi:
10.1007/s10295-008-0345-6.
123

http://dx.doi.org/10.1007/s10295-008-0345-6

	Nutrient broth/PEG200/TritonX114/Tween80/Chloroform microemulsion as a reservoir of solubilized sitosterol for biotransformation to androstenedione
	Abstract
	Introduction
	Materials and methodology
	Microorganisms and chemicals
	Preparation and characterization of microemulsions
	Application of microemulsion as biotransformation medium
	Extraction and analysis
	Transmission electron microscopy of mycobacterial cells

	Results and discussion
	Preparation and characterization of microemulsions
	Sitosterol biotransformation studies in microemulsions
	Transmission electron microscopy of microemulsion grown cells

	Conclusion
	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


