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1. Introduction

Several studies have shown that biological systems, including

bacteria, can be affected by reduced gravity [1, 2, 3, 4, 5, 6, 7,

8, 9, 10, 11, 12]. For E. coli (ATCC 4157), actual microgravity

results in a shortened lag phase, an increase in exponential

growth rate and higher final cell count during the stationary

phase in comparison to normal gravity controls [4, 5, 6, 8]. This

is because in a normal gravity environment the bacteria slowly

sediment but in a microgravity environment the bacteria remain

in a geostationary position resulting in a zone of reduced nutri-

ents and increased waste products around the cells [4].

In many of the previous studies, experiments were performed

under actual microgravity conditions. However, ground-based

experiments can be performed using a device called a rotary cell

culture system (RCCS; Synthecon) that models reduced gravity.

Vessels attached to the RCCS rotate around the horizontal axis

at a slow speed so that any object within the vessel will perpet-

ually freefall but as the vessel is continuously rotating, the

object spirals around itself and remains in a relatively geosta-

tionary position [13]. This system appears to model micrograv-

ity affectively because similar results were obtained when E.
coli was grown under actual microgravity compared to cells

grown in the RCCS [5, 6, 8]. Although there are theoretical

studies that predict the minimum speed necessary for modeled

microgravity conditions [14, 15, 16], no studies have examined

the optimal conditions required to model reduced gravity for

bacteria.

In this study, a non-motile strain of E. coli (ATCC 26) was

grown under different nutrient conditions in modeled reduced

gravity. Growth was assessed based on cell number, using the

Live/Dead BacLight kit, DAPI (4’,6-diamidino-2-phenylin-

dole), and fluorescent in situ hybridization (FISH), and cell size.

In addition, the affect of speed of clino-rotation and removal of

samples from the vessels during an experiment was addressed.
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2. Materials and Methods

2.1. Experimental design 
Escherichia coli ATCC 26 was grown in 0.2% (w/v) nutrient

broth (NB) or minimal medium (M9) for 24 h at 30°C. After

growth, cultures were centrifuged at 6000 g for 20 min, resus-

pended in filtered sterile distilled water and 1 ml was inoculat-

ed into each vessel to give a final density of 106 cells per ml. A

similar method of inoculation was used in a previous study [17].

The standard experimental set-up consisted of three slow turn-

ing lateral vessels (STLV – Synthecon, Houston, TX, 240 ml

volume, 9.2 cm internal diameter) rotating on a RCCS around

the horizontal axis (modeled reduced gravity). Simultaneously,

negative controls were established by placing another RCCS so

that the three STLV rotated around the vertical axis (normal

gravity). Air enters into the vessels at a constant rate and per-

meates into the medium through a diffusible membrane in the

center core of the vessel.

The effect of rotation speed was investigated using a range of

speeds from 2 to 50 rpm (the maximum setting of the RCCS). A

sample was removed from each STLV after 24 h of growth in

0.2% NB. One portion of each sample was used directly for

enumeration of live and dead bacteria. The remaining portion of

each sample was preserved (PBS buffer: 8% paraformaldehyde)

and stored at 4°C until analysis using DAPI and fluorescent in

situ hybridization (FISH). Bacteria were enumerated as

described below.

Based on results of the rotation speed experiment, other

experiments were conducted under modeled reduced gravity

conditions using a rotation speed of 40 rpm (centrifugal-force

equivalent to 80.7 cm s-2). In these experiments, E. coli was

grown in either 0.2% NB or minimal medium (M9) under mod-

eled reduced gravity and compared to normal gravity condi-

tions. Samples were recovered after 24 h and 48 h and

processed as above to examine the potential impact of removal

on the results. This part of the study was repeated except sam-

ples were recovered after 48 h only to examine the potential

impact of sample removal. Biovolumes of 200 cells per sample

were measured from the samples collected at 48 h.

2.2. Live/Dead staining
Dead and live bacteria were stained using the Live/Dead

BacLightTM kit as previously described [18]. Samples were

diluted in filtered sterile deionized water and stained for 20 min

using the Live/Dead kit (Molecular Probes, Eugene, Oregon,

USA). Bacteria were filtered through a 0.2 μm black polycar-

bonate filter (Osmonics, Inc., Minnetonka, MN, USA), overlaid

onto 0.45 μm type HA membrane filter (Millipore, Danvers,

MA, USA). The cells that stained red with propidium iodide

(PI, dead) and the cells that were stained green with SYTO 9

(live) were enumerated using epifluorescent microscopy.

2.3. DAPI
Total bacterial counts were enumerated using DAPI (4’,6-

diamidino-2-phenylindole) staining [19]. Samples were filtered

through 0.2 μm black polycarbonate filter overlaid onto a 0.45

μm HA membrane filter. The bacteria were stained with 2 ml of

DAPI solution (1.5 mg ml-1) for 3 min. The cells were counted

via epifluorescent microscopy.

2.4. Fluorescent in situ hybridization (FISH)
Bacteria were enumerated using FISH using the method devel-

oped by Lemke et. al. [20]. Bacteria were concentrated onto a

0.2 μm Anodisc filter (Whatman, Clifton, N.J., USA) overlaid

onto a 0.45 μm HA membrane filter. The Anodisc was washed

with 1 ml 0.2 μm filtered sterile deionized water, and then

washed with 0.1% (w/v) Nonidet P40. After 40 μl hybridization

solution (6x SSC, 0.02 M Tris [pH 7], 0.1% SDS and 0.01%

Poly A) containing 5 ng μl-1 Texas red-labeled probe EUB338

[5’-JGCTGCCTCCCGTAGGAGT-3’] [21] (Sigma-Genosys,

The Woodlands, TX, USA) was added to each Anodisc, they

were incubated for 4 hours at 48°C in the dark. After the incu-

bation, the Anodiscs were washed twice with 400 μl washing

buffer (0.9 M NaCl, 0.02 M Tris [pH 7.2] and 0.1% (w/v) SDS).

To each, 80 μl washing buffer was added and they were incu-

bated at 48°C for another 10 min and washed twice with 400 μl

washing buffer and then twice with 400 μl filtered sterilized

deionized water before enumeration via epifluorescent

microscopy.

2.5. Biovolumes
DAPI stained cells were viewed using a Zeiss Axioskop fluo-

rescent microscope equipped with a digital image capture sys-

tem (RT Slider, Diagnostic Instruments, Inc.). The fiber length

and fiber breadth of >200 cells were measured using

MetaMorph software (Universal Imaging Corp.). During this

study, the biovolumes of only individual cells (not clumped)

were determined and dividing cells that had not yet separated

were excluded from the analysis. Based on these measurements,

the biovolume was calculated assuming the bacteria were ellip-

tical using the following equation: 

Where L is length and W is width.

2.6. Statistics
Data were analyzed to using one-way ANOVA using SPSS sta-

tistical package for Windows (SPPS Inc., Chicago, USA). Post

hoc tests were performed using Tukey’s test. Significant differ-

ences were defined as cases where P<0.05.

3. Results

When E. coli was grown under a range of different rotation

speeds, there were significantly higher numbers of live cells

(stained with SYTO 9) at 30-50 rpm under modeled reduced

( )
2 3

W W
Biovolume = L-W 4

2 2
π π

⎡ ⎤ ⎡ ⎤⎛ ⎞ ⎛ ⎞× × + × ×⎢ ⎥ ⎢ ⎥⎜ ⎟ ⎜ ⎟⎝ ⎠ ⎝ ⎠⎢ ⎥ ⎢ ⎥⎣ ⎦ ⎣ ⎦

Paul W. Baker, Michelle L. Meyer and Laura G. Leff: Escherichia coli growth under modeled reduced gravity

40 Microgravity sci. technol. XV/4 (2004)



gravity in comparison to normal gravity; while dead cells

(stained with PI) were only significantly higher at 50 rpm

(Figure 1). Based on DAPI staining, total cell counts were sig-

nificantly higher at rotation speeds between 30-50 rpm under

modeled reduced gravity compared to normal gravity (the mod-

eled reduced gravity and the normal gravity controls for each

speed were run simultaneously). Differences among rotation

speeds were not statistically examined because each speed was

performed in a separate experiment, even though reproducibili-

ty was quite high.

When E. coli was grown in minimal medium (at 40 rpm),

there were no significant differences between normal and mod-

eled reduced gravity on day 1 using any of the fluorescent stains

(Figure 2a). However, on day 2, the number of live cells

Fig. 1.: Abundance of E. coli ATCC 26 grown in 0.2% (w/v) nutrient
broth at rotation speeds ranging from 2-50 rpm based on staining
with SYTO 9 (A, Live), PI (B, Dead) or DAPI (C). The speeds 2, 10,
20, 30, 40 and 50 rpm correspond to centrifugal-forces of 0.2, 5.0,
20.9, 45.4, 80.7 and 126.1 cm s-2, respectively (diameter of STLVs
are 9.2 cm). The black bars represent modeled reduced gravity while
the white bars represent normal gravity. This * denotes significant
differences (P< 0.05) between modeled reduced gravity and normal
gravity.

Fig. 2.: Abundance of E. coli ATCC 26 grown in minimal medium at
40 rpm and first sampled after 24 h (A) and then sampled again
after 48 h (B). In the second experiment (C), STLVs were sampled
only once after 48 hours. The black bars represent modeled reduced
gravity while the white bars represent normal gravity. This *
denotes significant difference (P< 0.05) between modeled reduced
gravity and normal gravity.
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(stained with SYTO 9) and the live+dead cells (stained with

SYTO 9 or PI) were significantly higher under modeled reduced

gravity compared to normal gravity (Figure 2b). Likewise,

when the STLVs were sampled on day 2 only, the live+dead

cells were significantly higher under modeled reduced gravity

compared to normal gravity (Figure 2c). Biovolumes of E. coli
grown in minimal medium and sampled on day 2 revealed no

significant differences between modeled reduced gravity and

normal gravity (Figure 3).

When E. coli was grown in 0.2% nutrient broth (at 40 rpm),

counts on day 1 were significantly higher using SYTO 9 and

DAPI but not PI and FISH under modeled reduced gravity com-

pared to normal gravity (Figure 4a). On day 2, only DAPI

counts were significantly higher under modeled reduced gravi-

ty relative to normal gravity (Figure 4b). When the STLVs were

sampled on day 2 only, there were no statistically significant

differences between modeled reduced gravity and normal grav-

ity using three replicates (data not shown). However, when the

experiment was repeated and the data was pooled together (six

replicates in total, the numbers of bacteria and trends were sim-

ilar in both experiments.), the number of live, live+dead and

DAPI stained cells were significantly higher under modeled

reduced gravity compared to normal gravity (Figure 4c).

Bacterial cells grown in 0.2% nutrient broth were significantly

smaller during modeled reduced gravity in comparison to nor-

mal gravity on day 2 (Figure 3). Bacteria grown in nutrient

broth in modeled reduced gravity were usually separate from

each other and smaller than under normal gravity. In contrast,

under normal gravity many of the cells were longer and in the

process of division. 

4. Discussion

Clino-rotation is an effective method for modeling microgravi-

ty [13] and many previous studies have used a variety of differ-

ent rotational speeds and specially designed vessels or high

aspect rotating vessels [8, 11]. In this study, only at higher rota-

tion speeds were significant differences observed between mod-

eled reduced gravity and normal gravity. This result was sur-

prising because based on theoretical calculations [14] the mini-

mum speed for bacterial cells to begin to experience a centrifu-

gal force is 0.25 rpm. It is assumed that at this point the bacte-

ria are in a relatively geostationary position. One potential cause

of the discrepancy between the theoretically and empirically

determined rotation speeds is that any excess insoluble carbon

dioxide may remain as small bubbles in suspension providing

rotation speeds were sufficient to counter buoyancy (note: air

was always entering the STLVs through a diffusible membrane,

which should maintain aerobic conditions). A previous study

suggested that the increase in carbon dioxide could result in the

Fig. 3.: Biovolume of E. coli ATCC 26 cells grown in 0.2% (w/v)
nutrient broth and minimal medium on day 2 of incubation.

Fig. 4.: Abundance of E. coli ATCC 26 grown in 0.2% (w/v) nutrient
broth at 40 rpm and first sampled after 24 h (A) and then sampled
again after 48 h (B). In the second experiment (C), STLVs (six repli-
cates) were sampled only once after 48 hours. The black bars repre-
sent modeled reduced gravity while the white bars represent normal
gravity. This * denotes significant difference (P< 0.05) between
modeled reduced gravity and normal gravity.
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reduction of the lag phase [12]. Another possibility is that grav-

itational effects on cells of different sizes and shapes are differ-

ent making it impossible to predict how they will sediment

under normal gravity conditions [22].

In minimal medium, total bacterial counts showed no differ-

ences between modeled reduced gravity and normal gravity, but

numbers of live cells were higher under reduced gravity. The

results differed to some degree from previous studies where E.
coli was grown in minimal medium [3, 4, 5, 6, 7, 8]. In prior

studies on a different strain of E. coli (that exhibits low motili-

ty), total bacterial counts (based on direct counts using a haemo-

cytometer) were significantly higher under actual (not modeled)

reduced gravity compared to normal gravity. In our study, total

counts based on DAPI staining were not altered by modeled

reduced gravity, in contrast to the number of live cells, in mini-

mal medium. However, under high nutrient conditions, cell

numbers were higher under reduced gravity as has been report-

ed in studies using other strains of E. coli in minimal medium

[4, 6]. Differences between this study and earlier work may be

attributable to the observation the responses to reduced gravity

were greater under actual microgravity conditions compared to

clino-rotation [5] and differences in enumeration methods and

strains used. Overall, higher numbers of cells under reduced

gravity may result from the more uniform distribution of cells

compared to normal gravity controls where bacteria are sub-

jected to sedimentation [4].

Few studies have examined the effects of reduced gravity on

bacterial cell sizes and only one study, using Streptomyces
hygroscopicus, showed that biomass was reduced when grown

under model reduced gravity compared to normal gravity [23].

In a study on E. coli, certain results suggest that cells were larg-

er under reduced gravity but the majority of results obtained

revealed no alteration of cell size [2]. This finding is consistent

with our study, as we also found that cell size was not affected

in minimal medium. However, cell size was reduced, in our

study, under higher nutrient conditions. However, caution in

measuring biovolume should be noted because of problems in

resolution and halo effects [24]. However, this method has been

extensively used for indirectly determining the biomass of

indigenous bacteria in aquatic environments [24, 25]. 

The effects of stopping the STLVs and removing samples

during an experiment were also examined. The outcome of

removing a sample during the course of an experiment includes

the introduction of an air bubble, mixing within the STLV, and

returning the samples to a normal gravity environment.

Previous studies suggest that shear forces may occur if the

STLVs are not completely filled, but due to the small size of

bacteria, shear forces may play a less significant role in com-

parison to larger organisms [14, 16]. In both minimal medium

and nutrient broth, there was no apparent affect of sample

removal.

The total numbers of bacteria based on DAPI staining and

based on summing the cells stained with SYTO 9 (live) and PI

(dead) were not always consistent with each other. The discrep-

ancy between the results from the Live/Dead BacLight kit and

DAPI may be because some of the bacteria growing under nor-

mal gravity did not stain with SYTO 9. Prior studies have

shown that sometimes the Live/Dead BacLight kit underesti-

mates the number of bacteria compared to total bacteria staining

using either DAPI or acridine orange (P.W Baker and L.G. Leff,

unpublished). In addition, DAPI sometimes underestimates

total bacterial number when cells undergo a starvation/stress

response [26]. Other studies have also shown this discrepancy

and suggest that bacteria that are more metabolically active may

stain more brightly with SYTO 9 making them easier to enu-

merate [27, 28].

Overall, the effects of modeled reduced gravity on the bacte-

ria examined depended on the nutrient conditions as well as the

method of enumeration. Under minimal nutrient conditions, cell

size was not affected by modeled reduced gravity and there

were few differences in cell numbers. However, in high nutrient

conditions, cell numbers and sizes were affected by modeled

reduced gravity. The smaller cells found under modeled reduced

gravity conditions have a greater surface to volume ratio that

may have facilitated their acquisition of resources from the zone

of nutrient depletion surrounding the cells. Whereas, under nor-

mal gravity conditions sedimentation of the bacteria does not

confine them to a particular location

5. Acknowledgements

This work was supported by a grant NAG 2-1497 from NASA.

6. References 

[1] Tixador, R., Gasset, G., Eche, B., Moatti, N., Lapchine, L., Woldringh, C.,
Toorop, P., Moatti, J. P., Delmotte, F.: Behavior of bacteria and antibi-

otics under space conditions. Aviat. Space Environ. Med. vol. 65, p. 551

(1994).

[2] Gasset, G., Tixador, R., Eche, B., Lapchine, L., Moatti, N., Toorop, P.,
Woldringh, C.: Growth and division of Escherichia coli under micrograv-

ity conditions. Res. Microbiol. vol. 145, p. 111 (1994).

[3] Kacena, M., Todd, P.: Growth characteristics of E. coli and B. subtilis

cultured on an agar substrate in microgravity. Micrograv. Sci. Technol.

vol. 10, p. 58 (1997).

[4] Klaus, D., Simske, S., Todd, P., Stodieck, L.: Investigation of space flight

effects on Escherichia coli and a proposed model of underlying physical

mechanisms. Microbiology vol. 143, p. 449 (1997).

[5] Kacena, M. A., Manfredi, B. , Todd, P.: Effects of space flight and mixing

on bacterial growth in low volume cultures. Micrograv. Sci. Technol. vol.

12, p. 74 (1999).

[6] Kacena, M. A., Merrell, G. A., Manfredi, B., Smith, E. E., Klaus, D.
M.,Todd, P.: Bacterial growth in space flight: logistic growth curve

parameters for Escherichia coli and Bacillus subtilis. Appl. Microbiol.

Biotechnol. vol. 51, p. 229 (1999).

[7] Kacena, M. A., Smith, E. E., Todd, P.: Autolysis of Escherichia coli and

Bacillus subtilis cells in low gravity. Appl. Microbiol. Biotechnol. vol.

52, p. 437 (1999).

[8] Brown, R. B., Klaus, D., Todd, P.: Effects of space flight, clinorotation,

and centrifugication on the substrate utilization efficiency of E. coli.
Micrograv. Sci. Tech. vol. 13, p. 24(2002).

Paul W. Baker, Michelle L. Meyer and Laura G. Leff: Escherichia coli growth under modeled reduced gravity

43Microgravity sci. technol. XV/4 (2004)



[9] Todd, P., Klaus, D. M., Stodieck, S., Smith, J. D., Staehelin, L. A.,
Kacena, M., Manfredi, B. Bukhari, A.: Cellular responses to gravity:

extracellular, intracellular and in-between. Adv. Space Res. vol. 21, p.

1263 (1998).

[10] Lorber, B.: The crystallization of biological macromolecules under

microgravity: A way to more accurate three-dimensional structures.

Biochimica et Biophysica Acta. vol. 1599, p. 1 (2002).

[11] Nickerson, C. A., Ott, C. M. Ott, Wilson, J. W., Ramamurthy, R., LeBlanc,
C. L., Höner zu Bentrup, K., Hammond, T., Pierson, D. L.: Low-shear

modeled microgravity: a global regulatory signal affecting bacterial gene

expression, physiology and pathogenesis. J. Microbiol. Methods vol. 54,

p. 1 (2003).

[12] Thévenet, D., D’Ari, R., Bouloc, P.: The SIGNAL experiment BIO-

RACK: Escherichia coli in microgravity. J. Biotechnol. vol. 47, p. 89

(1996).

[13] Gao, H., Ayyaswamy, P. S., Ducheyne, P.: Dynamics of a microcarrier

particle in the simulated microgravity environment of a rotating-wall ves-

sel. Micrograv. Sci. Tech. vol. 10, p. 154 (1997).

[14] Klaus, D. M., Todd, P., Schatz, A.: Functional weightlessness during cli-

norotation of cell suspensions. Adv. Space Res. vol. 21, p. 1315 (1998).

[15] Hammond, T. G., Hammond, J. M.: Optimized suspension culture: the

rotating-wall vessel. Am. J. Physiol. Renal Physiol. vol. 281, p. F12

(2001).

[16] Klaus, D. M. Clinostats and bioreactors. Gravit. Space Biol. Bull. vol.

14, p. 55 (2001). 

[17] Baker, P. W., Leff, L.: The effect of simulated microgravity on bacteria

from the Mir space station. Micrograv. Sci. Tech. vol. 15, p. 35 (2004).

[18] Boulos, L., Prévost, M., Barbeau, B., Coallier, J., Desjardins, R:
LIVE/DEAD® BacLightTM: application of a new rapid staining method

for direct enumeration of viable and total bacteria in drinking water. J.

Microbiol. Methods vol. 37, p. 77 (1999).

[19] Porter, K. G., Feig, Y. S.: The use of DAPI for identification and counting

of aquatic microflora. Limnol. Oceanogr. vol. 25, p. 943 (1980).

[20] Lemke, M. J., McNamara, C. J., Leff, L. G.: Comparison of methods for

concentration of bacterioplankton for in situ hybridization. J. Microbiol.

Methods vol. 29, p. 23 (1997).

[21] Amann, R. I., Ludwig, W., Schleifer, K.-H.: Phylogenetic identification

and in situ detection of individual microbial cells without cultivation.

Microbiol. Rev. vol. 59, p. 143 (1995).

[22] Nagel, U., Watzke, D., Neugebauer, D. C., Machemer-Röhnisch,
Bräucker R. Machemer, H.: Analysis of sedimentation of immobilized

cells under normal and hypergravity. Micrograv. Sci. Tech. vol. 10, p. 41

(1997).

[23] Fang, A., Pierson, D. L., Mishra, S. K., Demain, A. L.: Growth of

Streptomyces hygroscopicus in rotating-wall bioreactor under simulated

microgravity inhibits rapamycin production. Appl. Microbiol. Biotechnol.

vol. 54, p. 33 (2000).

[24] Bölter, M., Bloem, J., Meiners, K., Möller, R.: Enumeration and biovol-

ume determination of microbial cells – a methodological review and rec-

ommendation for applications in ecological research. Biol. Fert. Soils

vol. 36, p. 249 (2002).

[25] Posch, T., Loferer-Kroßbacher, Gao, G., Alfreider, A., Pernthaler, J.,
Psenner, R.: Precision of bacterioplankton biomass determination: a com-

parison of two fluorescent dyes, and of allometric and linear volume-to-

carbon conversion factors. Aquat. Microb. Ecol. vol. 25, p. 55 (2001).

[26] McNamara, C. J., Lemke, M. J., Leff, L. G.: Underestimation of bacterial

numbers in starvation-survival mode using the nucleic acid stain DAPI.

Arch. Hydrobiol. vol. 157, p. 309 (2003).

[27] Lebaron, P., Parthuisot, N. Catala, P.: Comparison of blue nucleic acid

dyes for flow cytometric enumeration of bacteria in aquatic systems.

Appl. Environ. Microbiol. vol. 64, p. 1725 (1998).

[28] Van Ommen, F., Geesey, G. G.: Localization and identification of popula-

tions of phosphatase-active bacterial cells associated with activated

sludge flocs. Microb. Ecol. vol. 38, p. 201 (1999).

Paul W. Baker, Michelle L. Meyer and Laura G. Leff: Escherichia coli growth under modeled reduced gravity

44 Microgravity sci. technol. XV/4 (2004)



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /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 /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 290
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 800
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (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.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


