Biotechnol Lett (2010) 32:1077-1082
DOI 10.1007/s10529-010-0259-z

ORIGINAL RESEARCH PAPER

Enhanced production of ethanol from glycerol by
engineered Hansenula polymorpha expressing pyruvate
decarboxylase and aldehyde dehydrogenase genes

from Zymomonas mobilis

Won-Kyung Hong < Chul-Ho Kim - Sun-Yeon Heo *

Lian Hua Luo - Baek-Rock Oh - Jeong-Woo Seo

Received: 17 February 2010/ Accepted: 23 March 2010/ Published online: 31 March 2010

© Springer Science+Business Media B.V. 2010

Abstract To improve production of ethanol from
glycerol, the methylotrophic yeast Hansenula poly-
morpha was engineered to express the pdc and adhB
genes encoding pyruvate decarboxylase and alde-
hyde dehydrogenase II from Zymomonas mobilis,
respectively, under the control of the glyceralde-
hyde-3-phosphate dehydrogenase (GAPDH) pro-
moter. The ethanol yield was 3.3-fold higher
(2.74 g 17" in the engineered yeast compared with
the parent strain (0.83 g 17"). Further engineering to
stimulate glycerol utilization in the recombinant
strain via expression of dhaD and dhaKLM genes
from Klebsiella pneumoniae encoding glycerol
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dehydrogenase and dehydroxyacetone kinase, respec-
tively, resulted in a 3.7-fold increase (3.1 g17') in
ethanol yield.
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Introduction

Large amounts of raw glycerol are formed as the
main by-product in biodiesel production and consti-
tutes approx. 10% (w/w) of the total biodiesel
generated (Johnson and Taconi 2007). This surplus
raw glycerol has not only greatly disturbed the
market for traditional glycerol in terms of price but
has also created a significant environmental problem
because it cannot be discharged directly into the
environment without treatment (da Silva et al. 2009).
Thus, considerable efforts have been directed towards
development of methods to refine glycerol from a
low-cost feedstock into industrially valuable materi-
als including fuels, building blocks, and bioactive
substances.

Glycerol is a non-fermentable by most microorgan-
isms except for a group of bacteria including Bacillus,
Clostridium, Enterobacter, Klebsiella and Lactobacillus
species. Recently, Gonzalez and colleagues demonstrated
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anaerobic fermentation of glycerol by Escherichia coli
and thus offered a new metabolic platform for produc-
tion of fuels and chemicals (Dharmadi et al. 2006;
Gonzalez et al. 2008; Murarka et al. 2008). Moreover,
the cost of ethanol production from glycerol was almost
40% lower compared with production from corn-
derived sugars in terms of feedstock demand and
operational costs (Yazdani and Gonzalez 2007). These
observations encouraged the engineering of E. coli for
the efficient fermentative conversion of glycerol to
ethanol and co-products (Yazdani and Gonzalez 2008;
Durnin et al. 2009).

The methylotrophic yeast, Hansenula polymorpha,
is one of the most important non-conventional yeasts
used in industrial processes such as heterologous
protein production (Gellissen 2002). In addition,
H. polymorpha has the potential to be useful in
ethanol production owing to its ability to ferment
xylose, which is derived from the hemicellulose
component of biomasses (Ryabova et al. 2004;
Guerra et al. 2005). In the present study, we evaluated
the potential of H. polymorpha as a metabolic
platform for conversion of glycerol to ethanol.

Materials and methods
Strains, plasmids, and media

Escherichia coli DH50 was used as the host strain for
genetic cloning. Zymomonas mobilis ZM4 was the
source of genes encoding pyruvate decarboxylase (pdc)
and aldehyde dehydrogenase II (aldB). Klebsiella
pneumoniae MGH78578 was the source of genes
encoding glycerol dehydrogenase (dhaD) and dehy-
droxyacetone kinase (dhaKLM). The methylotrophic
yeast Hansenula polymorpha DL1-L was used for
production of ethanol from glycerol. pGEM-T-Easy
(Promega) was employed for cloning and sequencing of
amplified DNA fragments. pYHSA161 (Heo et al.
2003) was used to express genes in H. polymorpha.
E. coli and H. polymorpha were grown in LB (yeast
extract, 0.5%; Bacto-tryptone, 1%; and NaCl, 1%; all w/
v) and YPD medium (yeast extract, 1%; peptone, 2%;
glucose, 2%; all w/v) supplemented with leucine
(5 g 1Y), respectively. Ampicillin (50 pg mli~") and
G418 (0.5-2 mg ml_l) were used for selection of
transformants of E. coli and H. polymorpha, respectively.
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Construction of plasmids pYH-pdc-adhB,
pYH-dhaDKLM, and pYH-pdc-adhB-dhaDKLM

A schematic representation of the strategy used to
construct pYH-pdc-adhB, pYH-dhaDKLM, and pYH-
pdc-adhB-dhaDKLM is shown in Fig. 1. The primers
used in amplification of DNA sequences by PCR are
listed in Supplementary Table 1. The 0.8 and 0.3 kb
DNA sequences, including the promoter (pGAP)
upstream of glyceraldehyde-3-phosphate dehydroge-
nase (GAPDH) and the terminator sequence (tT) of
alcohol oxidase (AOX) of H. polymorpha, were ampli-
fied using pYHSA161 (Heo et al. 2003) as a template.
Amplified DNA sequences were cloned into pGEM-T-
Easy vector generating pGEM-pGAP-tT, followed by
DNA sequencing to confirm the absence of any errors in
the DNA polymerization. The 1.8 and 1.15 kb ORF of
pdc and adhB were amplified from Z. mobilis chromo-
somal DNA using the primers as indicated in Supple-
mentary Table 1. DNA sequences encoding dhaD
(1.1 kb), dhaK (1.1 kb), dhalL (0.6 kb), and dhaM
(1.4 kb) were amplified from K. pneumoniae chromo-
somal DNA using primers listed in Supplementary
Table 1. Amplified DNA fragments were cloned into
appropriate restriction sites of pGEM-pGAP-tT, fol-
lowed by DNA sequencing to confirm the absence of
any errors. To generate pYH-pdc-adhB, the Nofl and
Spel-Nhel fragments, including pdc (pGEM-pdc) and
adhB (pGEM-adhB) were serially inserted into the Nofl
and Spel sites of pYHSA161, respectively. Plasmids
pYH-dhaDKLM and pYH-pdc-adhB-dhaDKLM were
also similarly constructed as shown in Fig. 1.

Screening and cultivation of H. polymorpha
transformants expressing pdc and adhll genes

Hansenula polymorpha was transformed using the
lithium acetate and DMSO method (Hill et al. 1991),
and the resulting Leu™ transformants harboring pYH-
pdc-adhll or pYH-pdc-adhll-dhaDKLM were stabi-
lized as previously described (Sohn 1997).

Hansenula polymorpha strains were cultivated in
250 ml flasks with 50 ml YP medium, including
glucose or glycerol as carbon source. Growth of the
cells was monitored from the ODgg, values. Cells
were subjected to enzyme activity assays and the
culture broth was analyzed for relevant metabolites.
All results presented reflect data from three indepen-
dent experiments.
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Fig. 1 Schematic

PCR amplification

representation of the No-Nh $-B-X gp.No ~ A -
strategy used for
construction of pYH-pdc- VAT No-Nh  S-B-SpNo B-X Sp
adhB and pYH-pdc-adhB- PGEM-pGAPT |
dhaDKLM. Abbreviations pPGAP T
for restriction enzymes:
B: BamHI, Bg: Bglll, Nh: l(S+X)
Nhel, No: Notl, S: Smal, Sp: NoNh (S3XB) X Sp-N
Spel, X: Xhol, Xb: Xbal. o-Nn (S/X6) X Sp-No " ox
Kle is the Klenow fragment (Notl) (Notl) (Xb/Kle+X)
pYHSA-pdc
Bg B-X
(Spel) (Bg/Kle+X) -
-— adhB

No-Nh (Sp/Nh)

pYH-pdc-adhB
G418

(Spel

(Nhel+Spel)
-—

No-Nh (Sp/Nh) (Sp/Nh)

pPGEM-pGAP-tT
PCR amplification

l(s+X)
PYHSATE!  \oNh S X SpNo / ‘
s X
” m
(Notl) (Notl) /Adne) | (S+X)
<«— | pGEM-dhaD | < ﬂ@
Amp - S X
(Spel) | (Nhel+Spel)
<~ pGEM-dhaK < m
s X
(Spel) | (Nhel+Spel) (8+X)
<~ pGEM-dhal < m
s X
(Spel) | (Nhel+Spel) (S+X)
<« pGEM-dhaM < —— m
No-Nh (Sp/Nh) (Sp/Nh) (Sp/Nh) Sp-No
P dreDA dhal L7 dhal Y Z el
o N
EE
[ Ga18_]

(SpINh)  (SpINh)  (SpiNh) Sp-No

pYH-pdc-adhB-dhaDKLM
G418

Enzyme activity assays

The activities of pyruvate decarboxylase (Pdc) and
aldehyde dehydrogenase (AdhIl) were measured using
the method of Postma et al. (1989), whereas the activity

of glycerol dehydrogenase (DhaD) was estimated by the
method of Slininger et al. (1983). One unit of enzyme
activity was the amount of enzyme consuming 1 pmol
substrate per min. Protein was determined using a
protein assay kit (Bio-Rad), with BSA as a standard.
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Metabolite analysis

The levels of residual glycerol and ethanol in culture
broth were determined by HPLC equipped with a
refractive index detector and an organic acid analy-
sis column (300 x 78 mm; Aminex HPX-87H; Bio-
Rad) held at 65°C. The mobile phase was S mM
H,S0, at 0.8 ml min~".

Results

Construction of a recombinant H. polymorpha
strain transformed with pdc and adhB genes
from Z. mobilis

Ethanol is produced in H. polymorpha from the
reduction of pyruvate by pyruvate decarboxylase
and alcohol dehydrogenase. Overexpression of the
pyruvate decarboxylase gene (PDCI) from H.
polymorpha or Kluyveromyces lactis resulted in
increased production of ethanol in H. polymorpha
using xylose as substrate (Ishcuhk et al. 2008). We
investigated whether overexpression of genes
encoding proteins involved in the ethanol produc-
tion could also result in an increase in ethanol yield
from glycerol. To this end, the recombinant plas-
mid pYH-pdc-adhB (Fig. 1) was prepared, in which
expression of the genes pdc and adhB, encoding
pyruvate decarboxylase and aldehyde dehydroge-
nase Il from Z. mobilis, respectively, was driven by
the constitutive GAPDH promoter (pGAP) and
terminated by the AOX terminator (tAOX). Plasmid
pYH-pdc-adhB was linearized and successfully
transformed into H. polymorpha DLI1-L (Leu™).
Transformants were selected by leucine prototrophy
(Leu") on minimal medium without leucine, and
stabilized by serial cultivation in such medium. To
induce possible multiple integration of the relevant
genes into chromosomal DNA, stabilized transfor-
mants were grown on minimal medium, without
leucine, but supplemented with G418 at either 0.5,
1, or 2 mg ml~'. The resulting recombinant yeast
strain was termed Hp DLI1-L/pYH-pdc-adhB. The
presence of the required inserts in the genome of
the recombinant strain was confirmed by PCR
(Fig. 2).
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Fig. 2 Confirmation of chromosomal integration of adhB (lanes
1, 7, and 13; 1.15 kb), pdc (lanes 2, 8, and 14; 1.8 kb), dhaD
(lanes 3, 9, and 15; 1.1 kb), dhaK (lanes 4, 10, and 16; 1.1 kb),
dhaL (lanes 5, 11, and 17; 0.6 kb) and dhaD (lanes 6, 12, and 18;
1.4 kb) genes in recombinant H. polymorpha strains, as shown
by PCR amplification. Lanes 1-6, HpDL1-L/pYH-pdc-adhB;
lanes 7-12, HpDL1-L/pYH-pdc-adhB-dhaDKLM,; lanes 1318,
HpDL1-L. M: molecular size marker

Enhanced ethanol yield from glycerol by action
of the recombinant H. polymorpha strain Hp DL1-
L/pYH-pdc-adhB

The recombinant yeast grew similarly to the control
strain with glycerol at 2% (v/v) as sole carbon source
(Fig. 3). The ethanol yield was 3.3-fold higher
274 ¢ 1_1) than the parent strain (0.83 g 1_1),
although ethanol production was still low. Consistent
with these results, the activities of Pdc and AdhIl
were 121 and 170% higher, respectively, in Hp DL1-
L/pYH-pdc-adhB than in Hp DLI-L (Table 1).
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Fig. 3 Cell growth (closed symbols) and ethanol production
(open symbols) of recombinant H. polymorpha strains. HpDL1-L,
circles; HpDL1-L/pYH-pdc-adhB, squares; HpDL1-L/pYH-pdc-
adhB-dhaDKLM, triangles
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Table 1 Activities (enzyme units) of Pdc, Adhll, and DhaD in recombinant H. polymorpha strains

Strain Pdc AdhII DhaD

H. polymorpha HpDL1-L 0.87 (100) 0.8 (100) 1.26 (100)
HpDL1-L/pYH-pdc-adhB 1.05 (121) 1.36 (170) 1.38 (110)
HpDL1-L/pYH-pdc-adhB-dhaDKLM 1.11 (128) 1.3 (163) 1.94 (154)

Proportions are shown in parentheses

Effect of overexpression of the dhaD
and dhaKLM genes of Klebsiella pneumoniae
on glycerol utilization and ethanol yield

In K. pneumoniae, anaerobic utilization of glycerol is
catalyzed by glycerol dehydrogenase (DhaD) and
dehydroxyacetone kinase (DhaKLM). To increase
ethanol yield from glycerol, dhaD and dhaKLM were
overexpressed in the recombinant yeast strain. The
recombinant plasmid pYH-pdc-adhB-dhaDKLM was
prepared by inserting dhaDKLM between the consti-
tutive GAPDH promoter (pGAP) and the AOX termi-
nator (tAOX), together with pdc and adhB (Fig. 1), and
transformed into H. polymorpha. A transformant was
selected and stabilized as described above.

Enzyme analysis showed that DhaD activity was
54 and 44% higher in Hp DLI-L/pYH-pdc-adhB-
dhaDKLM than in Hp DL1-L and Hp DLI-L/pYH-
pdc-adhB, respectively (Table 1). Glycerol utilization
by these strains reflected the respective levels of
enzyme activity (data not shown). Also, ethanol yield
from glycerol was slightly increased (to 3.1 g 171
after expression of dhaDKLM in the recombinant
yeast strain (Fig. 3).

Discussion

Ethanol production from glycerol occurs in some
microbial strains, such as Klebsiella and Enterobacter
species, in which the cellular redox balance during
the oxidative process of glycerol was retained by a
coupled reductive process producing 1,3-propanediol.
The highest yield of ethanol from glycerol (17 g 171
was reported during fed-batch fermentation of K. pneu-
moniae (Cheng et al. 2007). Recently, fermentative
utilization of glycerol has been reported in E. coli in
which glycerol is usually assimilated via an aerobic
metabolic pathway (Durnin et al. 2009). The produc-
tion of ethanol from glycerol attained a maximum

level of approximately 19 g 17! in an engineered
E. coli strain. In the present study, we constructed a
recombinant H. polymorpha yeast strain expressing
the pdc and adhB genes from Z. mobilis. This
recombinant strain demonstrated a 3.3-fold increase
in ethanol yield, from glycerol, in a flask experiment
(final concentration of ethanol: 2.74 g 1h.

Glycerol is dissimilated by distinct metabolic
pathways in microorganisms. The relevant respiratory
pathways include that involving the action of glycerol
kinase (GIpK) and glyceraldehyde-3-phosphate dehy-
drogenase (GlpD/GIpABC) and the fermentative
pathway catalyzed by glycerol dehydrogenase (DhaD)
and dehydroxyacetone kinase (DhaKLM). Durnin
et al. (2009) reported efficient stimulation of ethanol
production from glycerol in E. coli by overexpression
of genes involved in the fermentative pathway.
Introduction of dhaD and dhaKLM from K. pneumo-
niae also resulted in an increase in glycerol utilization
and ethanol yield in the recombinant yeast strain.

Although production of ethanol from glycerol
increased in H. polymorpha after appropriate genetic
engineering, the present yield is lower than that of
bacteria such as K. pneumoniae and E. coli. However,
we expect that a recombinant yeast strain will be
useful in the development of a industrial process for
ethanol production by metabolic and process engi-
neering because a critical advantage of yeast com-
pared with bacteria, is high-level ethanol tolerance.

Acknowledgments This research was supported by a grant
from the KRIBB Research Initiative Program.

References

Cheng KK, Zhang JA, Liu DH, Sun Y, Liu HJ, Yang MD, Xu
IJM (2007) Pilot-scale production 1,3-propanediol using
Klebsiella pneumoniae. Proc Biochem 42:740-744

da Silva GP, Mack M, Contiero J (2009) Glycerol: a promising
and abundant carbon source for industrial microbiology.
Biotechnol Adv 27:30-39

@ Springer



1082

Biotechnol Lett (2010) 32:1077-1082

Dharmadi Y, Murarka A, Gonzalez R (2006) Anaecrobic fer-
mentation of glycerol by Escherichia coli: a new platform
for metabolic engineering. Biotechnol Bioeng 94:821-829

Durnin G, Clomburg J, Yeates Z, Alvarez PJ, Zygourakis K,
Campbell P, Gonzalez R (2009) Understanding and har-
nessing the microaerobic metabolism of glycerol in
Escherichia coli. Biotechnol Bioeng 103:148-161

Gellissen G (ed) (2002) Hansenula polymorpha—biology and
applications. Wiley-VCH, Weinheim

Gonzalez R, Murarka A, Dharmadi Y, Yazdani SS (2008) A
new model for the anaerobic fermentation of glycerol in
enteric bacteria: trunk and auxiliary pathways in Esche-
richia coli. Metab Eng 10:234-245

Guerra E, Chye PP, Berardi E, Piper PW (2005) Hypoxia
abolishes transience of the heat-shock response in the
methylotrophic yeast Hansenula polymorpha. Microbiol-
ogy 151:805-811

Heo JH, Hong WK, Cho EY, Kim MW, Kim JY, Kim CH,
Rhee SK, Kang HA (2003) Properties of the Hansenula
polymorpha-derived constitutive GAP promoter, assessed
using an HAS reporter gene. FEMS Yeast Res 4:175-184

Hill J, Donald KAG, Griffiths DE (1991) DMSO-enhanced
whole cell yeast transformation. Nucleic Acids Res
19:5791

Ishcuhk OP, Voronovsky AY, Stasyk OV, Gayda GZ, Gonchar
MV, Abbas CA, Sibirny AA (2008) Overexpression of
pyruvate decarboxylase in the yeast Hansenula polymor-
pha results in increased ethanol yield in high-temperature
fermentation of xylose. FEMS Yeast Res 8:1164-1174

@ Springer

Johnson DT, Taconi KA (2007) The glycerin glut: options for
the value-added conversion of crude glycerol resulting
from biodiesel production. Environ Prog 26:338-348

Murarka A, Dharmadi Y, Yazdani SS, Gonzalez R (2008)
Fermentative utilization of glycerol by Escherichia coli
and its implications for the production of fuels and
chemicals. Appl Environ Microbiol 74:1124-1135

Postma E, Verduyn C, Scheffers WA, van Dijken JP (1989)
Enzymatic analysis of the crabtree effect in glucose-lim-
ited chemostat cultures of Saccharomyces cerevisiae.
Appl Environ Microbiol 55:468-477

Ryabova OB, Chmil OM, Sibirny AA (2004) Xylose and cel-
lobiose fermentation to ethanol by the thermotolerant
methylotrophic yeast Hansenula polymorpha. FEMS
Yeast Res 4:157-164

Slininger PJ, Bothast RJ, Smiley KL (1983) Production of 3-
hydroxypropionaldehyde from glycerol. Appl Environ
Microbiol 46:62-67

Sohn JH (1997) Characterization of telomere-associated ARSs
(autonomously replicating sequences) and their use for
multiple gene integration in Hansenula polymorpha.
Ph.D. Thesis, Korea Advanced Institute of Science and
Technology, Taejon, Korea

Yazdani SS, Gonzalez R (2007) Anaerobic fermentation of
glycerol: a path to economic viability for the biofuels
industry. Curr Opin Biotechnol 18:213-219

Yazdani SS, Gonzalez R (2008) Engineering Escherichia coli
for the efficient conversion of glycerol to ethanol and
co-products. Metab Eng 10:340-351



	Enhanced production of ethanol from glycerol by engineered Hansenula polymorpha expressing pyruvate decarboxylase and aldehyde dehydrogenase genes  from Zymomonas mobilis
	Abstract
	Introduction
	Materials and methods
	Strains, plasmids, and media
	Construction of plasmids pYH-pdc-adhB,  pYH-dhaDKLM, and pYH-pdc-adhB-dhaDKLM
	Screening and cultivation of H. polymorpha transformants expressing pdc and adhII genes
	Enzyme activity assays
	Metabolite analysis

	Results
	Construction of a recombinant H. polymorpha strain transformed with pdc and adhB genes  from Z. mobilis
	Enhanced ethanol yield from glycerol by action  of the recombinant H. polymorpha strain Hp DL1-L/pYH-pdc-adhB
	Effect of overexpression of the dhaD  and dhaKLM genes of Klebsiella pneumoniae  on glycerol utilization and ethanol yield

	Discussion
	Acknowledgments
	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
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /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 149
  /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 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
  /CropGrayImages true
  /GrayImageMinResolution 149
  /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 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
  /CropMonoImages true
  /MonoImageMinResolution 599
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /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 [595.276 841.890]
>> setpagedevice


