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Abstract The time-dependent development of cell

polarizability and length in Escherichia coli batch fer-

mentations were observed at-line with electrooptical mea-

surements. While using a measurement system with fully

automated sample preparation, the development of these

properties can be observed with a comparable high fre-

quency (six measurements per hour). The polarizability as

well as the mean cell length both increase soon after

inoculation and then decline from the growth phase on until

the stationary phase is reached. Based on the dynamic

behavior of polarizability, the growth phase can be divided

into four distinct stages. Changes in the cultivation tem-

perature or the pre-cultivation conditions lead to alterations

in the development of the polarizability and mean cell

length. Based on the frequency disperse of polarizability

measured at four different frequencies from 210 to

2,100 kHz, a prediction model is established that is based

on the relation of the polarizability to the metabolic

activity. Applying multi-linear partial least squares

methods (N-PLS), the model is able to predict the specific

acetate synthesis and uptake with a root mean square error

of prediction of 0.19 (6% of the mean). The method rep-

resents a tool for characterization of different stages with

respect to microbial metabolic activity and the energy

balance during batch cultivations.
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Introduction

During bioreactor cultivations, common measurements as

the cell dry weight, concentration of substrates and pro-

ducts, or the composition of the exhaust gas are often used

for controlling. However, all these data do not provide

detailed information on the physiological state of the cell.

Recent advances in application of flow cytometry [1, 2],

where several parameters can be monitored simulta-

neously, try to overcome this lack of knowledge. These

techniques were applied to follow the time course of via-

bility of cells in batch, fed-batch, and continuous cultures

[3–5]. In these experiments, the viability, that is the

membrane potential of the cells, permanently changed

during cultivation. When cells were sorted in several

fractions from viable to non-viable cells, this change was

reflected in their classification [3]. Earlier studies already

revealed cell membrane potential dynamics in Escherichia

coli batch fermentations [6]. These changes with a peak in

the early exponential phase were found to be concomitant

to the DNA replication. It was assumed that the metabolic

activity was at a maximum to support energy for the

intracellular processes.
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Evaluation of forward angle light scatter (FALS) signals

showed a continuous change in morphology throughout the

exponential growth phase in batch cultivations as well. The

steep change during the early exponential phase was

independent from the development of the cell size. The

cause for this effect is a change in structure and chemical

composition of the cytoplasma [7].

In our study, the polarizability was determined in E. coli

batch cultivations continuously with at-line electrooptical

measurements without the utilization of staining methods.

Electrooptical measurements measure the change in the

orientation of bacteria exposed to an electrical field based

on the change in the absorption of orthogonally located

light beams. The change in the absorption relative to the

state, when no electrical field is applied, reflects the mag-

nitude of the cell polarizability. While the electrical field

acts on the cells, a charge is induced on the boundaries of

the cell structures. This charge depends on the different

dielectric properties of the cell. When the induced charges

on the surface of the cells are exposed to an electrical field,

a moment of rotation acts on the cells, effecting a change in

cell orientation. This reorientation causes an alteration of

the absorption characteristics of the cell suspension [8].

For mathematical description of polarizability, a tensor

is used, which consists of one longitudinal and two trans-

versal components. This tensor of polarizability a(x),

which is dependent of the electrical field frequency x, is a

quantitative parameter characterizing the spatial distribu-

tion of induced charges and their absolute values. They are

a function of the ratio of the complex dielectric perme-

ability e of neighboring cell structures. The difference of

the longitudinal and transversal components leads to the

frequency dependent anisotropy of polarizability (FDPA):

da xð Þ ¼ ajjðxÞ � a?ðxÞ ð1Þ

with a||(x) being the longitudinal component of polariz-

ability and a\(x) being the transversal component in

Eq. (1) [9]. The signals that are obtained when the optical

density is measured change due to the reorientation. Since

this method takes only a few seconds, a high sample fre-

quency can be applied. Furthermore, when considering the

time of relaxation after the electrical field is shut off, the

length of the bacterial cells can be determined. After

the reorientation of longer cells in the electrical field, it will

require more time for relaxation after shutting off the

electrical field to return to the original isotropic steady state.

So far, several studies describe dynamics of polariz-

ability depending on changes due to phage interaction and

the induction of recombinant protein production in E. coli

[8, 10]. However, the frequency of measurements was low

because manual sample preparation was time-consuming.

In our present study, we follow the hypothesis that auto-

mated at-line monitoring of electrooptical properties with

high temporal resolution can provide valuable information

on the metabolic state of cells.

Materials and methods

Bacterial strain and media

The strain E. coli K12 DSM 498 was used throughout this

study. Media components were purchased from Carl Roth

(Karlsruhe, Germany) if not otherwise stated. At all batch

cultivation experiments, a medium was used containing (per

liter) 10 g glucose, 5 g yeast extract (Deutsche Hefewerke,

Hamburg, Germany; the same batch used in all experi-

ments), 3 g K2HPO4, 1.5 g KH2PO4, 1.25 g (NH4)2SO4,

0.1 g MgSO4•7H2O, 0.037 g Na2EDTA•7H2O, 0.01 g

NaCl, and 0.001 g FeSO4•7H2O. Glucose was autoclaved

separately. The pH was adjusted to pH 7.0.

Cultivation conditions

One milliliter of a shake-flask culture, which had been

incubated for 24 h at 37�C on a longitudinal shaker with an

amplitude of 25 mm at 150 rpm, was used for inoculation

of the pre-culture. The pre-culture had a liquid volume of

150 ml and was grown at the same conditions for 16 h,

otherwise as stated in the results section.

Bioreactor cultivations were performed in stirred

tank bioreactors KLF 2000 (Bioengineering AG, Wald,

Switzerland) with a cultivation volume of 2 l minimum.

The aeration rate was set to 1.0 vvm at an impeller speed of

800 rpm. The cultivation temperature in the batch experi-

ments was set to 28, 32, and 37�C, respectively. The pH

(setpoint at 7.0) was kept constant by controlled addition of

30% (w/v) NaOH solution or 10% HNO3 (w/v) solution.

The dissolved oxygen concentration was measured with an

Ingold DO-sensor (Mettler-Toledo, Giessen, Germany).

Under the applied aeration rate, the dissolved oxygen

concentration never decreased below 25% of saturation at

all experiments. Oxygen in the off-gas was analyzed with a

Maihak Oxygor 6 N and carbon dioxide was measured

with a Maihak Unor 6 N (both Sick Maihak, Reute,

Germany). Polyethylene glycol 3000 (Sigma-Aldrich,

Munich, Germany) was used to reduce foam formation.

Two independent bioreactor cultivations were performed

for every set of cultivation conditions.

Product analysis

The optical density at 620 nm was monitored every 15 s

with a spectrophotometer EloChek (Biotronix, Hennigs-

dorf, Germany) by circulating culture suspension in a

bypass from the reactor through a flow cell with an optical
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depth of 2.2 mm. Due to this small distance, the mea-

surement of the optical density was within the linear range

of the Lambert–Beer law throughout all bioreactor culti-

vations. Biomass concentration was additionally deter-

mined off-line with appropriately diluted samples at

600 nm in a spectrophotometer PM2 A equipped with a

10-mm flow cell (Carl Zeiss, Oberkochen, Germany).

Glucose concentration in the supernatant was determined

using the enzymatic glucose liquiUVmono test (Human

Diagnostics, Wiesbaden, Germany) in a Beckman DU 640

UV–VIS spectrophotometer (Beckman Coulter, Fullerton,

CA) at 340 nm following the supplier’s instructions. Ace-

tate concentration was determined at the same wavelength

applying the enzymatic acetate test kit from Boehringer

Mannheim/R-Biopharm (Mannheim, Germany) according

to the manufacturer’s instructions. Prior to enzymatic

determination, cells were separated from the supernatant

with centrifugation at 10,000 rpm for 15 min.

Determination of polarizability anisotropy (AP)

and mean cell length

The fully automated measurement system EloTrace (Bio-

tronix, Hennigsdorf, Germany) was used to monitor the

polarizability anisotropy (AP) and mean cell length of

E. coli in a sampling interval of 10 min. Cells were sepa-

rated from the culture broth by filtering through a cellulose

filter (pore size 0.45 lm, Sartorius, Goettingen, Germany).

The cell concentrate was diluted with distilled water of a

conductivity of 5 lS/cm to a final optical density of

A600 = 0.1 ± 5% prior to the electrooptical measurement.

The AP was acquired in a measurement chamber at four

frequencies: 210, 400, 900, and 2,100 kHz, respectively,

after the changes of optical density due to reorientation

reached a steady state [9]. The unit of experimental values

of AP includes a scale coefficient, therefore being

5 9 10-31 Fm2.

The mean cell length was determined based on the

relaxation characteristics of the cell suspension after the

electrical field is shut off. The system was calibrated in

advance by measuring the length of a representative

amount of cells on microscopic photographs and correlat-

ing these results to the measured relaxation time.

Data analysis

Curve fits for evaluation of rates from concentration time

series data were derived with the curve-fitting toolbox in

MATLAB version 7.0.1 (MathWorks, Natick, MA) using

polynomial or smoothing spline approximation. For prin-

cipal component analysis (PCA) [12], data were normal-

ized prior to calculation. For developing and testing the

model, a partial-least squares (PLS) method or multilinear

PLS (N-PLS) was applied [13]. PLS model derivations

were performed with the PLS Toolbox version 4.2 for

MATLAB (Eigenvector Research, Manson, WA), N-PLS

models were generated with m-files from the N-way tool-

box [14]. The SIMPLS algorithm was used for factor

determination [15]. The data of AP measurement and

specific acetate uptake rates were mean-centered. The

number of factors for the model were chosen on the basis

of the root mean square error of calibration (RMSEC):

RMSEC ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

Pn
i¼1 ðyi � yiÞ2

n

s

ð2Þ

where yi are the calibration values, y
i

the values predicted

by the model and n the number of calibration samples.

The root mean square error of prediction (RMSEP) was

calculated following Eq. (2), except that yi were not the

calibration but test values.

Results

Effects of temperature variation on the polarizability

anisotropy in batch cultivations

In Fig. 1, for a cultivation at 32�C the AP determined at

210 kHz and the mean cell length are shown together with

further state variables, rates, and parameters. The time

pattern of the AP in the two independent experiments is

reproducible. It can be compared to the time course of the

cell membrane potential measured in E. coli batch fer-

mentations with the help of fluorescent staining and flow

cytometry [6]. An increase of AP can be observed during

the first 2 h of cultivation, the lag-phase, and the early

exponential phase. Here the specific glucose consumption

(qGlucose) reaches maximum values while a strong

increase in specific acetate synthesis (qAcetate) can be

observed. During the next 3 h, AP drops off and the glu-

cose concentration is reduced to 5 g/l (no substrate limi-

tation) at t = 5 h. During this phase, the highest biomass

growth and specific oxygen uptake (qO2) and carbon

dioxide consumption (qCO2) rates are measured. Also, the

highest biomass yield is achieved.

In the following 4 h of cultivation until t = 9 h, the

culture is still growing and glucose is not limiting. How-

ever, the specific growth is declining and the decline of AP

changes its slope to a slow decrease. When the culture

enters the stationary growth phase as glucose is depleted

and biomass increase stops at t = 9 h, the beginning of

acetate uptake is characterized by a slight increase of

polarizability (cf. also Fig. 3).

In Fig. 1, the mean cell length is shown for two inde-

pendent experiments. The dynamics of mean cell length
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determined with electrooptical measurements are more

pronounced in the lag and growth phase than at the time

when growth retards. After the mean cell length increases

during the first 2 h of cultivation, a continuous decrease

from 4.0 to 2.0 lm is observed. Dynamic behavior of AP

and mean cell length is similar in this case.

In Fig. 2, the dependence of polarizability on frequency

between 90 and 160 min after inoculation is most pro-

nounced. This is also the phase of the strongest acetate

synthesis activity. Before and after this phase, the depen-

dence of polarizability on the frequency in the observed

range in between 210 and 2,100 kHz is rather low.

For comparing the effects of changed metabolic

activity on the cell polarizability when cultivating at dif-

ferent temperatures, experiments were repeated at 37 and

28�C. In batch cultivations at 37�C, a higher cell polar-

izability is detected soon after inoculation (Fig. 3). The

polarizability rises sharply during the first 1.5 h. In the

following, a sharp decline is observable, which changes

its slope to a slow decline after 3 h of cultivation. In

experiments at 28�C, a similar behavior during the first

hours of cultivation is observed. In comparison to the

experiments at 37 and 32�C, the decline of polarizability

is delayed further. The mean of the average polarizability

for the first 10 h of cultivation decreases from the

experiments at 28�C to those at 37�C (Table 1). The

higher the temperature-dependent metabolic activity, that

is specific glucose consumption, growth, and acetate

synthesis as well as specific carbon dioxide production,

the faster the polarizability reaches its maximum and

declines thereafter. In accordance, the mean average

polarizability develops similar to the mean biomass yield

and opposite to the acetate concentration at experiments

with 16 h of incubation, since the biomass yield is lower

when more acetate is produced.

The different temperatures cause a similar time delay in

the development of the mean cell length (Fig. 4). The

reduction of the mean cell length starts when the culture is

in the exponential growth phase and when the maximum of

the specific glucose consumption had passed. Hence, the

mean cell length is larger in experiments at 28�C than at 32

and 37�C during the first 10 h of cultivation.

Effects of pre-cultivation variation on the polarizability

in batch cultivations

When the pre-culture is grown overnight, the cells for

inoculation are in the stationary phase. In order to observe

whether polarizability and mean cell length during the

batch cultivation are affected when the inoculum is phys-

iologically different, the pre-culture was grown for only

2 h. After this time, the pre-culture is in the exponential

growth phase. All other conditions were identical to the

previously discussed experiment (T = 37�C).

As can be seen in Fig. 5a, the polarizability differs

during the first 5 h, when the polarizability is comparably

low. An initial polarizability of 1 9 10-27 Fm2 is mea-

sured, which is the lowest value among all cultivations.

Peak values are reached only after 4 h. Opposite to the

Fig. 1 Summary of cultivation parameters and variables in E. coli
batch cultivations at 32�C. Open and closed signs represent the same

parameters of each independent experiment. Lines represent curve fits
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other cultivations, the dynamics of mean cell length are not

similar to dynamics of the polarizability.

The initial mean cell length of 4.7 lm is very high due

to the cells being in the exponential growth phase. The

mean cell length decreases throughout the whole cultiva-

tion (Fig. 5b), its time average being similar to that in the

cultivations at 28�C (Table 1). Comparing results for the

2-h incubated pre-culture with the three other experiments

which exhibit a systematic development, neither data in

Table 1 nor the dynamic behavior do fit well into the

system. However, there is a strong correlation between the

dynamics of the specific acetate synthesis rate (Fig. 6) and

the polarizability in all experiments.

Correlation between specific acid synthesis rate

and polarizability

A calibration model is developed for testing the hypothesis

of a correlation between specific acid synthesis rate and

FDPA. A good prediction is possible when the FDPA and

its first derivative with respect to the time are used as

prediction parameters. With the help of a PLS algorithm, a

model is calibrated including the FDPA at the four

frequencies at which the polarizability was measured (210–

2,100 kHz). The model is created applying a multi-way

partial least-squares method (N-PLS).

The root mean square error (RMSEC and RMSEP,

respectively) does not exceed 0.28 with this method. The

RMSEC and RMSEP among all batch experiments is 0.19.

The quality of calibration/prediction is similar at all phases

of cultivation (Fig. 7). Hence, the calibration model based

on one of the performed experiments is suitable to predict

the acetate synthesis rates at all other experiments without

any further calibration. A correlation between the physio-

logical parameter cell polarizability and the specific acetate

synthesis rate is obvious. These results further support the

observations that a division in four fermentation stages

during growth is possible by means of electrooptical

measurements: (1) a first phase of increasing polarizability,

where the bacteria adapt to the conditions in the bioreactor

after incubation and where maximum specific glucose

consumption rates are reached; (2) a second phase where

the polarizability is strongly decreasing, and when the

maximum biomass yield is achieved while the culture is

growing exponentially; (3) a phase when the polarizability

is slowly decreasing or constant, while growth starts to

retard; and (4) a phase when polarizability recovers slightly

when acetate is taken up by the microorganism while other

substrate sources are depleted.

Discussion

This is the first study in which the FDPA and mean cell

length were observed at-line with a fully automated sam-

pling procedure, enabling a high measurement frequency.

The observed time course of the average polarizability of

the cells as well as the mean cell length develop differently

at the temperatures and pre-cultivation conditions applied.

A correlation between the polarizability and the rate of

specific acetate synthesis is observed. Similar results were

obtained in a previous study, where it was reported that the

fluxes of acids correlate with the FDPA during cultivation

of Clostridium acetobutylicum fermentations [11].

Fig. 2 Development of the

FDPA in E.coli batch

cultivations at 32�C in the first

6 h after inoculation

Fig. 3 Development of the average polarizability anisotropy at

different temperatures in E.coli batch cultivation inoculated with an

overnight grown pre-culture

J Ind Microbiol Biotechnol (2010) 37:935–942 939

123



There might be several reasons for all these observa-

tions. The energy metabolism in E. coli, which influences

substrate uptake and therefore also the synthesis of acetate,

may be one of the main influencing factors causing the

development of the polarizability. In E. coli, acetate syn-

thesis and excretion occurs during the so-called ‘overflow

metabolism’ [16] at excess substrate. Acetate accumulation

is observed at high glucose consumption rates and high

specific growth rates [17]. The carbon flow through pyru-

vate (and to some extent acetyl-CoA) is partly shifted

towards acetate production instead of entering into the

tricarboxylic acid cycle [18, 19].

It can be assumed that the amount of acetate produced

has—directly or indirectly—a negative influence on the

polarizability. When peak levels of polarizability are

reached, the acetate synthesis is high and the polarizability

starts to decrease faster than at low rates of acetate syn-

thesis. The measured polarizability is evoked mainly by the

Maxwell–Wagner polarization mechanism. It relies on the

accumulation of electric charges at the interface of two

media of different electrophysical properties. In the case of

bacteria, these are the cytoplasm and its membrane. While

the acetate concentration rises, dissociated acetate accu-

mulates inside the cell [20]. The intracellular ion balance

changes [21], influencing the Maxwell–Wagner polariz-

ability. Measurements of the intracellular ratio of NADH

and NAD? (data not shown) revealed significant changes

in parallel to the development of the polarizability. It can

be assumed that the energy balance of the cell, which

influences acetate synthesis [22], also has an effect on this

parameter.

The correlation is also valid at a reduced pre-cultivation

time, although the time pattern of polarizability and mean

cell length is shifted. The environment to which the cells

are exposed in the different pre-cultures leads to different

resistance mechanisms, e.g., an altered membraneT
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Fig. 4 Development of the average cell length at different temper-

atures in E.coli batch cultivation inoculated with an overnight-grown

pre-culture
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composition [23, 24]. In our case, the polarizability is an

indicator for the time that is needed for the microorganism

to recover from the lag phase. The higher the polarizability,

the shorter is the lag phase.

The high values of the mean cell length observed during

the onset of batch cultivations agree with the observation

that E. coli cells are longer at exponential growth than at

linear growth [25]. The transmembrane pH gradient and

intracellular accumulation of sugar and products such as

acid anions can cause a swelling of cells while osmotic

pressure increases [21]. If the acetate concentration

increases further, the cell wall starts to get permeabilized

[26], the osmotic pressure inside the cell is reduced and the

observed reduction of size at high acetate concentrations

follows. This effect is amplified by starvation at the end of

batch cultivations when, because of the lack of educts,

membrane repair ceases.

Morphologic parameters, metabolite concentrations, and

turnover rates are useful in assessing the quality of a pre-

culture and in monitoring the following process during the

lag phase. Direct measurement of metabolic activity based

on concentrations is difficult at this early time due to low

cell densities, and, as a result, low turnover rates. Early

information about limitations, especially when compounds

of the media can not be easily quantified, is possible by the

presented application of electrooptical measurements. The

significant dynamics and the high information content of

these measurements during the cultivation makes the

application of electrooptical methods a valuable tool for

process observation.

Our current work on calibration model validation under

different cultivation modes shows promising results and

will be published in a forthcoming publication. Extension

of the method to other microbial systems, especially when

exhibiting overflow metabolism, will be a topic of our

future research in this area.
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(filled triangle). For model calibration (filled square), the data set of

batch cultivations at 32�C inoculated with an overnight grown pre-

culture was used
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25. van de Merwe WP, Czégé J, Milham ME, Bronk BV (2004)

Rapid optically based measurements of diameter and length for

spherical or rod-shaped bacteria in vivo. Appl Opt 43(28):5296–

5302

26. Russell JB, Diez-Gonzalez F (1998) The effects of fermentation

acids on bacterial growth. Adv Microb Physiol 39:205–234

942 J Ind Microbiol Biotechnol (2010) 37:935–942

123

http://www.biomedcentral.com/1471-2180/8/37

	Electrooptical monitoring of cell polarizability and cell size in aerobic Escherichia coli batch cultivations
	Abstract
	Introduction
	Materials and methods
	Bacterial strain and media
	Cultivation conditions
	Product analysis
	Determination of polarizability anisotropy (AP) and mean cell length
	Data analysis

	Results
	Effects of temperature variation on the polarizability anisotropy in batch cultivations
	Effects of pre-cultivation variation on the polarizability in batch cultivations
	Correlation between specific acid synthesis rate and polarizability

	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


