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Abstract Planktonic cells of Sinorhizobium meliloti, a

Gram-negative symbiotic bacterium, display autoaggrega-

tion under static conditions. ExpR is a LuxR-type regulator

that controls many functions in S. meliloti, including syn-

thesis of two exopolysaccharides, EPS I (succinoglycan)

and EPS II (galactoglucan). Since exopolysaccharides

are important for bacterial attachment, we studied the

involvement of EPS I and II in autoaggregation of

S. meliloti. Presence of an intact copy of the expR locus

was shown to be necessary for autoaggregation. A mutant

incapable of producing EPS I displayed autoaggregation

percentage similar to that of parental strain, whereas

autoaggregation was significantly lower for a mutant

defective in biosynthesis of EPS II. Our findings clearly

indicate that EPS II is the essential component involved in

autoaggregation of planktonic S. meliloti cells, and that

EPS I plays no role in such aggregation.

Introduction

Bacterial autoaggregation is the process whereby bacteria

physically interact with each other and settle to the bottom

in static liquid suspensions. This process is industrially

significant since separation of biomass from culture

medium is facilitated when bacteria remain aggregated

[21]. Extracellularly secreted polysaccharides, i.e., cellu-

lose and an arabinose-rich exopolysaccharide, were shown

to be involved in autoaggregation of the soil-borne bacteria

Agrobacterium tumefaciens and Azospirillum brasilense,

respectively [2, 16].

Sinorhizobium meliloti, a symbiotic Gram-negative

rhizobacterium, has the potential to produce two different

exopolysaccharides: EPS I (succinoglycan) and EPS II

(galactoglucan). EPS I consists of a repeated octasaccharide

structure containing one galactose and seven glucose units,

with succinyl, acetyl, and pyruvyl modifications [23]. The

genetic determinants for EPS I biosynthesis are located in a

25-kb region containing the exo-exs genes [24]. EPS II

consists of a repeated disaccharide containing an acetylated

glucose and a pyruvylated galactose unit [11]. Biosynthesis

of EPS II is controlled by a 32-kb cluster of exp genes [8, 29].

In two strains (Rm2011 and Rm1021) derived from Sino-

rhizobium meliloti SU47, EPS II synthesis is activated under

phosphate limitation [18, 31], in the presence of either a

mutated mucR locus [14, 30], or an intact, functional copy of

the expR gene [8, 22]. The low molecular weight fractions of

EPS I and EPS II (trimers of the octasaccharide and 15–20

units of the disaccharide, respectively) are involved in

symbiosis, whereas the corresponding high molecular

weight fractions (more than 2000 subunits of the octasac-

charide unit in the case of EPS I; more than 25 disaccharide

subunits in the case of EPS II) are not [3, 10].

The regulatory protein MucR is a transcriptional

repressor of the exp genes involved in biosynthesis of EPS

II, and an activator of EPS I biosynthesis in S. meliloti [14].

We found recently that disruption of mucR gene in strain

Rm1021 biofilms increased EPS II, but reduced EPS I

gene expression; however, biofilm formation in this strain

was independent of EPS synthesis [27]. These results are
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consistent with those from previous studies of planktonic

bacteria. In this study, we evaluated the possible involve-

ment of EPS I and II in autoaggregation of planktonic cells

of various S. meliloti strains.

Materials and Methods

Bacterial Strains, Media, and Growth Conditions

Various S. meliloti strains were grown at 30�C in TY

medium [4] on a rotary shaker at 200 rpm. Antibiotics were

used at the following final concentrations: streptomycin,

500 lg/ml; neomycin, 200 lg/ml; gentamycin, 50 lg/ml.

Strains, plasmid, and phage used are listed in Table 1.

Phage Transductions

The mutant alleles expA3::Tn5-233, exoY210::Tn5, and

mucR31::Tn5 were transferred from Rm1021 expA::Tn5-

233, Rm7210, and Rm3131, respectively, to recipient

strains Rm8530 or Rm1021, using generalized transduction

with phage uM12, as described by [9]. Cotransduction of

the resistance markers (neomycin or gentamycin), and

specific relevant phenotypes, were verified in each trans-

ductant strain, i.e., reduction or absence of fluorescence in

LB plates supplemented with 0.05% Calcofluor (for the

mucR and exoY mutants), dry colony phenotype (for the

expA mutant). Donor and recipient strains were included as

controls.

Autoaggregation Assay

Each S. meliloti strain was grown for 48 h in 3 ml TY

medium supplemented with appropriate antibiotic, diluted

(1/1000), and grown in 100 ml TY for additional 48 h.

Bacterial suspension (5 ml) was transferred to a glass tube

(10 9 70 mm) and allowed to settle for 24 h at 4�C. A

0.2 ml aliquot of the upper portion of suspension was

carefully transferred to a microtiter plate, and OD600 was

measured (ODfinal). A control tube was vortexed for 30 s,

and OD600 was determined (ODinitial). Autoaggregation

percentage was calculated as 100[1 - (ODfinal/ODinitial)].

For both homologous and heterologous autoaggregation

assays, cultures were centrifuged at 4200g for 20 min prior

to the settling period. For homologous assay, the resulting

bacterial pellet of a given strain was gently resuspended in

cell-free supernatant from independent culture of the same

strain. For heterologous assay, the pellet was resuspended

in cell-free supernatant from culture of a different strain.

Statistical Analysis

Autoaggregation assays were performed in quadruplicate

and experiments were repeated at least three times. Mean

values and standard deviations were calculated. Data were

subjected to one-way Analysis of Variance (ANOVA) test,

followed by comparison of multiple treatment levels with

control using post hoc Fisher’s Least Significant Difference

(LSD) test. Statistical analyses were performed with Info-

stat software version 1.0.

Results and Discussion

When a suspension of planktonic cells of strain Rm8530

(expR? derivative of Rm1021) was placed in a glass tube and

left without shaking for 24 h at 4�C, most of the bacteria

settled at the bottom, forming a type of aggregate, termed

Table 1 Strains and plasmids

used in this study
Strain, plasmid, or phage Relevant properties Reference

S. meliloti

Rm1021 SU47 str21 expR102::ISRm2011-1 Meade et al. [17]

Rm8530 SU47 str21 expR101 (expR?) Glazebrook and Walker [8]

Rm2011 Wild-type reference strain Casse et al. [5]

102F34 Wild-type reference strain Ditta el al. [6]

Rm7210 Rm1021 exoY210::Tn5 Leigh et al. [15]

Rm8530 exoY exoY210::Tn5 Present study

Rm1021 expA expA3::Tn5-233 Glazebrook and Walker [8]

Rm8530 expA expA3::Tn5-233 Present study

Rm8530 expA exoY expA3::Tn5-233 exoY210::Tn5 Present study

Rm3131 Rm2011 mucR31::Tn5 Keller et al. [14]

Rm1021 mucR mucR31::Tn5 Present study

Phage

UM12 Generalized transducing phage for S. meliloti Finan et al. [7]
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‘‘floc,’’ bound together by extracellular mucopolysaccha-

rides (Fig. 1a). Under standard shaking conditions, such

visible autoaggregation of Rm8530 did not occur. This

finding is in contrast to results from autoaggregation studies

of Azospirillum, in which floc formation was evident under

shaking conditions [20]. Much of the Rm8530 floc remained

at the bottom of the tube following 2–3 gentle inversions,

indicating a certain degree of integrity. However, the floc

was easily dispersed by repeated pipetting or a vigorous

shake. The autoaggregation of bacteria at the bottom of the

tube was associated with decreased OD600 of the upper

portion of the suspension, and autoaggregation percentage

was quantified by spectrophotometry as described in

‘‘Materials and Methods’’. When suspensions of wild-type

strains Rm1021, Rm2011, and 102F34 were left without

shaking for 24 h at 4�C, most of the bacteria remained

suspended, without visible autoaggregation (Fig. 1b). Au-

toaggregation percentage was similar (18-20%) for the three

wild-type strains, but significantly higher (95%) for Rm8530

(Fig. 1a).

When Rm8530 cells, prior to the resting period, were

washed and resuspended in fresh, sterile TY media, their

autoaggregation was almost completely abolished (Fig. 2),

suggesting that some extracellularly secreted and/or labile

surface factor was responsible for the autoaggregation.

When Rm8530 pellets were resuspended in cell-free

supernatant from the same (or different) Rm8530 culture,

the capacity for aggregation was not significantly decreased

(Fig. 2a, b). This finding indicates that an extracellular

component, rather than a centrifugation-labile surface fac-

tor, was the main determinant of autoaggregation.

In contrast to Rm8530, non-autoaggregating wild-type

strains Rm1021, Rm2011, and 102F34 have a modified,

non-functional expR locus [22]. This suggests a link between

status of expR locus (i.e., intact versus altered sequence) and

autoaggregation ability in these S. meliloti strains. Presence

of a functional copy of the expR regulator gene is clearly

necessary for autoaggregation. ExpR controls many aspects

of S. meliloti physiology, including exopolysaccharide

production [12, 22]. We performed quantitative autoaggre-

gation assays of a set of S. meliloti mutants defective in

biosynthesis of various exopolysaccharides to clarify the

roles of these components in autoaggregation.

Rm8530 exoY210, a mutant incapable of producing

succinoglycan, showed autoaggregation percentage (93%)

similar to that of parental Rm8530 (Fig. 3). Autoaggrega-

tion percentage was much lower (18%) for Rm8530 expA,

a mutant defective in biosynthesis of galactoglucan. Using

phage uM12, we transduced the exoY210::Tn5 mutant

allele from Rm7210 to Rm8530 expA, and obtained double

mutant Rm8530 expA exoY, as described in ‘‘Materials and

Methods’’. Degree of autoaggregation was low (similar to

that of Rm8530 expA) for Rm8530 expA exoY and

Rm1021, which are also unable to produce galactoglucan

under normal conditions (Fig. 3). These findings suggest

that galactoglucan is the extracellular factor mainly

responsible for autoaggregation of S. meliloti.

Galactoglucan is produced in two major fractions: one

has low molecular weight and is symbiotically active; the
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Fig. 1 Autoaggregation assay of wild-type reference strains of

S. meliloti. a Quantitative assay, showing mean aggregation percent-

age for each strain. Each experiment was performed in four or more

independent replicates, each in quadruplicate. Bars represent standard

deviation, and different letters indicate significant differences

(P B 0.05) between mean values according to Fisher’s LSD test.

b Macroscopic appearance of tubes containing bacterial suspensions,

following a 24-h resting period at 4�C
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Fig. 2 Modified autoaggregation assays of strain Rm8530. a Quan-

titative assay. Statistical considerations as in Fig. 1. b Macroscopic

appearance of tubes. 1. Autoaggregation of Rm8530 suspension

(control). 2. Homologous autoaggregation assay: Rm8530 cells were

resuspended in cell-free supernatant from independent culture of the

same strain. 3. Autoaggregation of washed cells of Rm8530
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other has high molecular weight and no symbiotic function

[10]. Although galactoglucan synthesis is activated in

Rm1021 mucR, specific synthesis of the low molecular

weight fraction does not occur. As an initial attempt to

elucidate the roles of the two fractions in autoaggregation,

we transduced the mucR31::Tn5 allele from Rm3131 to

Rm1021, and performed quantitative autoaggregation

assay of the resulting Rm1021 mucR strain, which is unable

to synthesize low molecular weight EPS II fraction. Au-

toaggregation percentage for this mutant was much lower

than that of Rm8530, and did not differ significantly from

those of Rm1021 and Rm8530 expA (Fig. 3). This initial

finding allowed us to conclude that high molecular weight

EPS II, by itself, cannot mediate cellular interactions

leading to autoaggregation.

To further substantiate our results, we performed

extracellular complementation assays, in which cell pellets

were resuspended in cell-free supernatant from early

stationary phase bacterial cultures. Homologous and het-

erologous assays were conducted as described in ‘‘Mate-

rials and Methods’’. Under our experimental conditions,

autoaggregation of the homologous and heterologous sus-

pensions depended only on identity of the supernatant, as

shown in Table 2. As expected, cell-free supernatants from

cultures of both galactoglucan-producing strains, Rm8530

and Rm8530 exoY, enhanced autoaggregation of all the S.

meliloti strains tested. In contrast, there was no significant

aggregation-promoting effect by cell-free supernatants

from the non-galactoglucan-producing strains (Rm1021,

Rm8530 expA, Rm8530 expA exoY), or from Rm1021

mucR (which does not produce low molecular weight ga-

lactoglucan). These findings suggest that the low molecular

weight fraction of EPS II is responsible for the autoag-

gregation phenotype. Further experiments, including direct

testing of purified low molecular weight galactoglucan,

will be necessary to confirm this hypothesis.

DNA microarray analysis has shown that expR regulates

many other genes, in addition to EPS and motility genes, in

S. meliloti [12]. Under our experimental conditions, and in

the absence of EPS II, it appears that no additional expR-

regulated factors play a role in autoaggregation, since

autoaggregation percentages of Rm1021 and Rm8530 expA

(or washed cells of Rm8530 and Rm8530 exoY) were

similar.

Bacterial cell–cell interactions contribute to both

autoaggregation and microcolony development, which are

important early steps in formation of biofilms. Several

factors, including EPS, are involved in these interactions

[28]. Interestingly, biofilm formation and autoaggregation

of planktonic cells seem to be related processes in

S. meliloti, since EPS II (but not EPS I) was shown to be

critical for development of highly structured biofilms. A

high molecular weight EPS II producer, Rm1021 mucR

strain, failed to form organized biofilms [26], consistent

with the poorly autoaggregative phenotype of this mutant

in our assays.
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Fig. 3 Autoaggregation of mutant strains of S. meliloti defective in

exopolysaccharide production. a Quantitative assay. Statistical con-

siderations as in Fig. 1. b Macroscopic appearance of tubes

Table 2 Extracellular complementation of non-autoaggregating strains with cell-free supernatant from culture of autoaggregating strains

Cell-free supernatants derived from

Rm8530 Rm8530 exoY Rm8530 expA Rm8530 expA exoY Rm1021 Rm1021 mucR

Pellets

Rm8530 92.52 ± 3.00 a 91.63 ± 1.65 a 18.14 ± 4.15 b 18.66 ± 5.45 b 16.88 ± 2.09 b 17.87 ± 2.59 b

Rm8530 exoY 92.5 ± 1.85 a 92.35 ± 1.98 a 16.74 ± 5.48 b 18.53 ± 4.31 b 18.01 ± 3.33 b 17.04 ± 3.35 b

Rm8530 expA 91.56 ± 1.84 a 91.58 ± 1.99 a 18.74 ± 5.98 b 17.48 ± 2.27 b 18.91 ± 2.15 b 16.76 ± 3.64 b

Rm8530 expA exoY 92.05 ± 1.56 a 92.15 ± 1.48 a 14.62 ± 3.39 b 15.37 ± 2.62 b 15.38 ± 3.48 b 18.65 ± 4.64 b

Rm1021 91.6 ± 2.00 a 92.44 ± 2.01 a 17.68 ± 4.01 b 16.07 ± 3.47 b 16.35 ± 5.72 b 15.42 ± 4.71 b

Rm1021 mucR 92.31 ± 1.41 a 91.5 ± 1.67 a 18.37 ± 1.56 b 15.40 ± 2.79 b 18.61 ± 2.61 b 16.13 ± 3.60 b

Values indicate mean autoaggregation percentage ± SD. Each experiment was performed in four or more independent replicates, each in

quadruplicate. Different letters indicate significant differences (P B 0.05) between mean values according to Fisher’s LSD test
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We speculate that other molecular determinants, besides

EPS, may be involved in both autoaggregation of plank-

tonic cells and biofilm formation (at least, the early steps)

in S. meliloti. Inoculation of plants with EPS-producing

rhizobacteria, such as Rhizobium sp. YAS34 [1] and Rhi-

zobium sp. KYGT207 [13], modifies the aggregation of

root-adhering soil and leads to improvement of plant

growth. Biofilm formation, although it may provide rhi-

zobia with an advantageous microenvironment to persist in

the soil, colonize root surfaces, and establish symbiosis, is

not essential for legume invasion [25]. On the other hand,

host plants, as well as other soil microorganisms, may

benefit from the biofilm formation capability of plant

growth-promoting rhizobacteria, since EPS within biofilms

improve soil structure and help maintain soil moisture [19].

Results of this study strongly suggest that expR-regu-

lated EPS II plays a key role in promoting bacterial self-

aggregation. Low molecular weight EPS II, either alone or

in combination with high molecular weight fraction, may

function as the polymeric extracellular matrix that agglu-

tinates bacterial cells. Future extracellular complementa-

tion experiments, using purified low molecular weight EPS

II, will help clarify this point. We are currently in the

process of identifying a bacterial surface component that

interacts with EPS II, and expect that results of this study

will provide a more complete picture of the S. meliloti

autoaggregation process.
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Identification and characterization of large plasmids in Rhizo-

bium meliloti using agarose gel electrophoresis. J Bacteriol

113:229–242

6. Ditta G, Stanfield S, Corbin D, Helinski DR (1980) Broad host

range DNA cloning system for gram negative bacteria: con-

struction of a gene bank of Rhizobium meliloti. Proc Natl Acad

Sci USA 77:7347–7351

7. Finan TM, Hartwieg EK, LeMieux K, Bergman K, Walker GC,

Signer ER (1984) General transduction in Rhizobium meliloti.

J Bacteriol 159:120–124

8. Glazebrook J, Walker GC (1989) A novel exopolysaccharide can

function in place of the calcofluor-binding exopolysaccharide in

nodulation of alfalfa by Rhizobium meliloti. Cell 56:661–672

9. Glazebrook J, Walker GC (1991) Genetic techniques in Rhizo-
bium meliloti. Methods Enzymol 204:398–418
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18. Mendrygal KE, González JE (2000) Environmental regulation of

exopolysaccharide production in Sinorhizobium meliloti. J Bac-

teriol 182:599–606

19. Morris CE, Monier JM (2003) The ecological significance of

biofilm formation by plant-associated bacteria. Annu Rev Phy-

topathol 41:429–453

20. Neyra C, Sadasivan L (1985) Flocculation in Azospirillum bra-
silense and Azospirillum lipoferum: Exopolysacharides and Cyst

Formation. J Bacteriol 163:716–723

21. Nikitina VE, Ponomareva EG, Alen0kina SA, Konnova SA (2001)

The role of cell-surface Lectins in the aggregation of Azospirilla.

Microbiology 70:471–476

22. Pellock BJ, Teplitski M, Boinay RP, Bauer WD, Walker GC

(2002) A LuxR homolog controls production of symbiotically

active extracellular polysaccharide II by Sinorhizobium meliloti.
J Bacteriol 184:5067–5076

23. Reinhold BB, Chan SY, Reuber TL, Marra A, Walker GC,

Reinhold VN (1994) Detailed structural characterization of suc-

cinoglycan, the major exopolysaccharide of Rhizobium meliloti
Rm1021. J Bacteriol 176:1997–2002

24. Reuber TL, Walker GC (1993) Biosynthesis of succinoglycan, a

symbiotically important exopolysaccharide of Rhizobium melil-
oti. Cell 74:269–280

F. G. Sorroche et al.: Role of EPS II in S. meliloti autoaggregation 469

123



25. Rinaudi LV, Giordano W (2010) An integrated view of biofilm

formation in rhizobia. FEMS Microbiol Lett 304:1–11

26. Rinaudi LV, Gonzalez JE (2009) The low-molecular-weight frac-

tion of exopolysaccharide II from Sinorhizobium meliloti is a crucial

determinant of biofilm formation. J Bacteriol 191:7216–7224

27. Rinaudi L, Sorroche F, Zorreguieta A, Giordano W (2010)

Analysis of mucR gene regulating biosynthesis of exopolysac-

charides: implications for biofilm formation in Sinorhizobium
meliloti Rm1021. FEMS Microbiol Lett 302:15–21

28. Sutherland IW (2001) Biofilm exopolysaccharides: a strong and

sticky framework. Microbiology 147:3–9

29. Zevenhuizen LPTM (1997) Succinoglycan and galactoglucan.

Carbohydr Polym 33:139–144

30. Zhan HJ, Levery SB, Lee CC, Leigh JA (1989) A second exo-

polysaccharide of Rhizobium meliloti strain SU47 that can

function in root nodule invasion. Proc Natl Acad Sci USA

86:3055–3059

31. Zhan HJ, Lee CC, Leigh JA (1991) Induction of the second

exopolysaccharide (EPSb) in Rhizobium meliloti SU47 by low

phosphate concentrations. J Bacteriol 173:7391–7394

470 F. G. Sorroche et al.: Role of EPS II in S. meliloti autoaggregation

123


	EPS II-Dependent Autoaggregation of Sinorhizobium meliloti Planktonic Cells
	Abstract
	Introduction
	Materials and Methods
	Bacterial Strains, Media, and Growth Conditions
	Phage Transductions
	Autoaggregation Assay
	Statistical Analysis

	Results and 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


