
ORIGINAL PAPER

Degradation of pyridine and 4-methylpyridine by Gordonia
terrea IIPN1

Tsering Stobdan Æ Amita Sinha Æ Ravindra Pal Singh Æ
Dilip Kumar Adhikari

Received: 25 January 2006 / Accepted: 13 September 2007 / Published online: 6 October 2007

� Springer Science+Business Media B.V. 2007

Abstract Gordonia terrea IIPN1 was isolated and

characterized from soils collected at petroleum dril-

ling sites. The strain was able to catabolize pyridine

and 4-methylpyridine as sole carbon and nitrogen

source. The strain failed to catabolize other pyridine

derivatives. Growing cells completely degraded

30 mM of pyridine in 120 h with growth yield of

0.29 g g–1. Resting Cells grown on 5 mM pyridine

degraded 4-methylpyridine without a lag time and

vice versa. Supplementary carbon and nitrogen

source did not significantly change the specific

growth rate and degradation rate by the resting cells.
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Introduction

Pyridine and alkylpyridines are major environmental

pollutants commonly found in locations associated

with oil shale (Dobson et al. 1985; Leenheer et al.

1982) and coal mines and washeries (Pereira et al.

1983) and wood treatment sites (Pereira and Rostad

1985). A high water solubility and potential mobility

of these compounds through soil (Leenheer and

Stuber 1981) contribute to groundwater contamina-

tion. Traditional biological treatment processes can

destroy a large fraction of biodegradable organic

compounds existed in groundwater. However, many

hazardous compounds mainly alkylpyridines are

poorly removed in conventional biological treatment

processes due to their toxicity, recalcitrance or

inhibitions. Furthermore, they also have adverse

impact on the composition and activities of microor-

ganisms in activated sludge flocs. Therefore the

removal of these compounds is a real challenge for

waste treatment engineers and scientists. The micro-

bial degradation of pyridine, quinoline, acridine, and

their derivatives under aerobic and anaerobic condi-

tions has been extensively studied (Kaiser et al.

1996). Degradation of alkylpyridine by Arthrobacter

spp. (Shukla 1974, 1975), Pseudomonas sp.

(Korosteleva et al. 1981) has been reported. 4-meth-

ylpyridine was found as a major contaminant

(11–8 ppm) among total pyridine (13 ppm) near a

tar processing site which is considered to be of

potential public health concern (http://www.osti.gov/

energycitation). However, degradation of pyridine

and its alkyl derivatives specifically 4-methylpyridine

by any individual microrganism has not yet been

reported despite of their wide occurrence and toxicity

(Kaiser et al. 1996; O’Loughlin et al. 1999).
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The actinomycete genus Gordonia has attracted

much interest in recent years for their ability to

degrade xenobiotic environmental pollutants, slowly

biodegradable natural polymers as well as to synthe-

size possible useful compounds. Members of the

Gordonia species are known to degrade natural and

synthetic rubber, phthalic acid esters, s-Triazine,

dibenzothiophene and other poorly assimilable car-

bon sources, such as t-butyl ether, methyl t-butyl

ether, t-amyl methyl ether, cyclic alkanes, and

polycyclic aromatic hydrocarbons. Due to its cata-

bolic activity to degrade a wide variety of

environmental pollutants, it has become a powerful

candidate for bioremediation processes (Arenskötter

et al. 2004).

Member of the genus Gordonia that are able to

degrade 3-methylpyridine, 3-ethylpyridine (Yoon

et al. 2000; Lee et al. 2001) and medium chain

length alkanes (Kummer et al. 1999; Xue et al. 2003)

has been reported. However, there is no report on

degradation of pyridine and 4-methylpyridine by

member of this genus. This paper describes the

isolation and characterization of a Gordonia species

capable of catabolizing pyridine and 4-methylpyri-

dine as carbon and nitrogen source. The strain is also

able to utilize hexadecane as sole carbon source.

Materials and methods

Enrichment and isolation

Environmental samples of soil were obtained from

petroleum drilling sites located in Gujarat, India. One

gram of soil sample was thoroughly mixed in 10 ml

distilled water with intermitted shaking and filtered

through Whatman No. 1 filter paper. Filtrate (1 ml)

was used for inoculating 25 ml basal medium

enriched with 5 mM pyridine as sole carbon and

nitrogen source. The flasks were incubated at 30�C on

a rotary shaker (150 rpm) for one week. Enrichment

cultures showing growth as measured by absorbance

at 540 nm were used as inoculum in fresh medium.

Pure culture was isolated after three successive cycles

of enrichment by streaking on solidified basal

medium supplemented with 5 mM pyridine as sole

nitrogen source.

The basal medium contained (g/l) of 6.3 KH2PO4,

8.0 K2HPO4, 0.2 MgSO4 and 10 ml of metal solution.

The metal solution contained (g/l) of 2.0 CaCl2, 1.0

NaCl, 0.5 FeCl2, 0.5 ZnCl2, 0.5 MnCl2, 0.1 Na2MoO4,

0.05 CuCl2, 0.05 Na2WO4.2H2O and 10 ml 10 M HCl

per liter of deionized water. Pyridine as source of

carbon and nitrogen was used at concentration

ranging from 5 to 100 mM. For control experiments,

56.8 mM glucose and 50.1 mM (NH4)2SO4 was used

as carbon and nitrogen source respectively.

Identification and phylogenetic analysis of strain

IIPN1

The organism was identified by substrate utilization

test using BiologTM GP-microplate identification

system and 16S rDNA sequence analysis (Woese

et al. 1983). Genomic DNA was isolated using

GenElute Bacterial Genomic DNA kit (Sigma-

Aldrich Co; USA). PCR was performed using primers

50 CAG GCC TAA CAC ATG CAA GTC 30 and 50

GGG CGG WGT GTA CAA GGC 30. DNA sequenc-

ing was done and sequences were aligned using

BLASTN 2.2.17 program available in NCBI website.

Pyridine degradation by growing cells

Exponentially growing cells were inoculated into

conical flasks (250 ml) containing 40 ml basal

medium at initial cell concentration of 200 mg dry

cell weight (DCW) per liter. Pyridine (10–70 mM)

was used as carbon and nitrogen source in the

medium The culture was incubated in incubator

shaker (Innova 4430, USA) at 170 rpm and 30�C.

Medium without adding inoculum or pyridine served

as control. The cell growth and pyridine utilization

was estimated at regular time interval. Degradation of

pyridine was monitored by scanning absorbance of

the culture filtrates at wavelength from 200 to

400 nm using spectrophotometer (Chemito, India).

Pyridine and 4-methylpyridine degradation by

resting cells

Bacterial cells were grown in basal medium with

pyridine, 4-methylpyridine as carbon and nitrogen

source, and glucose with ammonium sulphate as

carbon and nitrogen source in different shake flask
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culture up to exponential phase (OD540 = 1). Cells

were harvested by centrifugation at 10,000g (Sorvall

evolution RC, USA) and the cell pellet was washed

three times with 50 mM potassium phosphate buffer

(pH 7.0) before resuspending 20 mg cells in the same

buffer (20 ml) supplemented with 1 mM pyridine or

1 mM 4-methylpyridine. The culture was incubated

(Innova 4430, USA) at 170 rpm and 30̊C and tested

for their ability to degrade pyridine and 4-methyl-

pyridine in resting state.

Analytical methods

Cell growth was monitored by measuring the absor-

bance of culture broth at 540 nm and was expressed

as dry cell weight, g/l measured from standard plot of

OD versus dry cell weight. Pyridine and 4-methyl-

pyridine concentration were determined by reversed-

phase high pressure liquid chromatography (HPLC)

in isocratic mode using C-18 column, Waters 2487

UV detector at 254 nm and a Waters 600 delivery

system using methanol:water (4:1) as mobile phase at

a flow rate of 1 ml/min. Cell free supernatant (1 ml)

was extracted with ethyl acetate (1 ml) and 0.1 ml

extracted sample was injected in the HPLC system to

determine the concentration of pyridine and

4-methylpyridine.

The growth yield Yx/s, specific growth rate (l h–1)

and specific pyridine degradation rate (qPyr, mM g

cells–1 h–1) were calculated as described previously

(Rhee et al. 1996).

Sequence submission

The 16S rDNA sequence of strain IIPN1 has been

deposited in the GenBank database under accession

number DQ139840.

Results

Enrichment and identification

The bacteria that degrade pyridine were successfully

enriched in shake flask culture. Bacterial strain

IIPN1was isolated based on its ability to utilize

pyridine as sole source of carbon and nitrogen. The

strain formed orange-red colored circular colonies on

solidified basal medium with pyridine as sole nitro-

gen source. The strain is Gram-positive, aerobic and

showed catalase activity.

Near full-length 16S rDNA sequence of strain

IIPN1 was compared with sequence database of the

ribosomal database project (RDP-II). Sequence query

showed 99% homology with Gordonia terrea DSM

43249. Nucleotide BLAST search of NCBI showed

that IIPN1 shared 100% homology with G. terrea at

the two hypervariable regions between nucleotide

136–229 and 996–1028 (numbering according to 16S

rDNA of E. coli K-12). All Gordonia species differ

from each other at these two regions (Arenskötter

et al. 2004). The strain was also identified as Gordonia

terrea (ID = 0.76) using BiologTM bacterial identifi-

cation system. Based on the combined 16S rDNA

sequence and substrate utilization tests, the strain was

designated Gordonia terrea strain IIPN1. The phylo-

genetic position of the strain Gordonia terrea

IIPN1constructed from evolutionary distance values

by the neighbor-joining method shown in Fig. 1.

Growth associated degradation of pyridine

Pyridine degradation by strain Gordonia terrea IIPN1

was observed in mineral salt medium with pyridine as

sole source of carbon and nitrogen. Medium contain-

ing 30 mM pyridine was completely degraded in

120 h with growth yield of 0.29 g g–1. The growth

response of the strain to pyridine as sole nitrogen

source increased with increasing pyridine concentra-

tion reaching a maximum at 70 mM (Fig. 2).

However exposure of the strain to pyridine concen-

tration above 120 mM completely inhibited growth

(data not shown). Increase in final cell concentration

(2.56 g l–1) was observed when hexadecane was

supplied as supplementary carbon source in medium

containing 30 mM pyridine as carbon and nitrogen

source in comparison to cell concentration (0.71 g l–1)

when pyridine was used as sole carbon and nitrogen

source.

Influence of supplementary nitrogen and carbon

source on pyridine degradation

Degradation of pyridine (30 mM) was completed by

the strain Gordonia terrea IIPN1 in 72 h in presence
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Fig. 1 Phylogenetic tree based on 16S rDNA sequences showing the position of strain IIPTN
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of glucose but it required longer time (120 h) to

degrade same quantity of pyridine when used a sole

source of carbon and nitrogen. Supplementation with

ammonium sulphate as nitrogen source had extended

the degradation period further up to 144 h. Variation

of pyridine degradation period due to presence of

glucose and ammonium sulphate was observed due to

variation of lag phase of the bacterial strain as shown

in Fig. 3. The specific pyridine degradation rate (qpyr)

of the strain was maximum 0.71 mM g–1 l–1 in

presence of glucose as compared to 0.69 mM g–1 l–1

with pyridine alone and 0.59 mM g–1 l–1 when

substituted with ammonium sulphate. Thus presence

of supplementary nitrogen source did not signifi-

cantly contribute to the final cell concentration or the

specific degradation rate; on the contrary glucose has

enhanced the specific degradation rate marginally.

Effect of pyridine concentration

The cell growth and pyridine degradation with the

increase of pyridine concentration from 10 mM to

70 mM as sole nitrogen source is shown in Fig. 3.

The strain showed high growth response at higher

pyridine concentration. The specific growth rate (l)

and specific pyridine degradation rate (qPyr) at

10 mM pyridine were 0.12 h–1 and 0.33 mM g–1 h–1.

Increase in pyridine concentration from 10 mM to

30 mM, the l as well as qPyr increased to 0.17 h–1

and 0.69 mM g–1 h–1 respectively. However, at

70 mM pyridine, the l further increased to 0.22 h–1

but the qPyr decreased to 0.64 mM g–1 h–1. Increase

in pyridine concentration, however, extended the lag

phase before growth. The growth of the cells

continued till 300 h while the degradation of pyridine

was completed in 200 h.

Degradation of pyridine and 4-methylpyridine by

resting cell

Induction of the biodegradation enzymes in the cells

grown on pyridine and 4-methylpyridine was com-

pared with cells grown on glucose and (NH4)2SO4.

Cells grown on pyridine degraded 4-methylpyridine

without a lag time and vice versa. On the other hand

cultures grown on glucose and ammonium sulphate

showed very slow degradation of pyridine and

4-methylpyridie (Fig. 4). The degradation of 4-meth-

ylpyridine or pyridine was much faster (16 mM g–1 h–1)

by cells grown in pyridine or 4-methylpyridine

respectively as compared to pyridine grown cells

degrading pyridine (12 mM g–1 h–1). Nevertheless

overall degradation rate of pyridine and 4-methylpyri-

dine by the resting cells of Gordonia terrea IIPN1 was

much faster than that of by the growing cells.

Fig. 2 Cell growth (�h D) and pyridine degradation (d j m)

at various concentration of pyridine (mM): 10 j, 30 d, 70 m)

Fig. 3 Effect of supplementary nitrogen (50.1 mM ammo-

nium sulphate D) and carbon source (56.8 mM glucose h) on

cell growth (� h D) and pyridine degradation (d j m) in

medium containing 30 mM pyridine (�)

Fig. 4 Degradation of pyridine (� h D) and 4-methylpyri-

dine (d j m) by resting cell grown on pyridine (D m), 4-

methylpyridine (h j) and ammonium sulphate and glucose

(� d). Initial cell concentration was 1.0 g (dry cell weight)

per liter
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Discussion

The biodegradation of pyridine, 4-methylpyridine

and hexadecane by Gordonia terrea IIPN1 was

investigated in this study. Strain IIPN1 produces

colonies with reddish pigmentation, indicating their

capacity to synthesize significant amount of carot-

inoids which is common characteristics in many

Gordonia species. Gordonia jacobaea MV-1 was

widely studied because of its property of producing

large amount of carotenoids (De Miguel et al.

2000).

Strain IIPN1 appears to be different among the

reported pyridine and alkylpyridine degrading bacte-

ria. Complete mineralization of 2-methylpyridine,

2-ethylpyridine, 2,4-dimethylpyridine and 2,4,6-trim-

ethylpyridine by several Arthrobacter spp. (Shukla

1974, 1975), 3-methylpyridine by Pseudomonas sp.

(Korosteleva et al. 1981), 2-ethylpyridine, 3-ethyl-

pyridine, and 4-ethylpyridine by a mixed culture

(Feng et al. 1994) have been reported. However, to

our knowledge, Gordonia terrea IIPN1 is the only

well-characterized bacterial strain degrading pyri-

dine, 4-methylpyridine and alkane. Ronen et al.

(1998) reported degradation of pyridine and 4-meth-

ylpyridine by an uncharacterized strain but there is no

further report.

Different members of the genus Gordonia able to

degrade alkylpyridine and alkanes are known. G.

nitida LE31 degraded 3-methylpyridine and 3-ethyl-

pyridine but failed to degrade pyridine and

4-methylpyridine (Lee et al. 2001). Degradation of

alkane by the strain is not known. Similarly, G.

alkanivorans (Kummer et al. 1999) and G. paraffi-

nivorans (Xue et al. 2003) are known to degrade

alkanes but there is no report on degradation of

pyridine and alkylpyridine by the two species.

Attempts to amplify the alkane monooxygenase gene

in Gordonia terrea IIPN1 using alkB specific primers

of P. aeruginosa PAO1 (Belhaj et al. 2002) failed to

yield any amplification products. This suggested that

the strain Gordonia terrea IIPN1 does not have the

same alkane degrading genes as that of P.

aeruginosa.

The strain has the ability to degrade high

concentration of pyridine and 4-methyl pyridine.

Growth of G. nitida LE31 was found to be

significantly inhibited at 3 mM 3-methylpyridine

and 4 mM 3-ethylpyridine (Lee et al. 2001).

Similarly, the maximum growth response of Arth-

robacter sp. in 2-ethylpyridine was observed at

10 mM (O’Loughlin et al. 1999). Growth of the

cells took longer time (160–288 h) to reach station-

ary phase as compared to the degradation time of

pyridine (72–144 h) may be explained by the fact

that pyridine and 4-methyl pyridine was degraded

through intermediate products which were assimi-

lated by the strain at a slower rate than that of the

substrate (Fig. 3). However, the strain Gordonia

terrea IIPN1 could completely degrade 70 mM

pyridine at 0.22 h–1 specific growth rate and

0.69 mg g–1 h–1 specific degradation rate. Higher

rate (16 mg g–1 h–1) of degradation of 4-methyl

pyridine and pyridine could be achieved by using

resting cells of Gordonia terrea IIPN. Therefore the

strain is favorable candidate to be used for bio-

remediation of sites heavily contaminated with

pyridine and pyridine derivatives. Supplementation

of carbon and nitrogen also does not required for

degradation of pyridine and 4-methyl pyridine by

the resting cells of Gordonia terrea IIPN1. Such

characteristics are desirable in microorganisms to

be used for bioremediation purpose (Rhee et al.

1996).

Throughout the course of degradation experi-

ments, culture experiments were examined to detect

metabolic intermediate. Detection of cyclic interme-

diate by UV scanning (200–400 nm) was

unsuccessful. Similar results were also reported with

pyridine and 2-Methylpyridine degrading bacteria

(Lee et al. 2001; Rhee et al. 1997; Watson and Cain

1975).

Cells grown in pyridine degraded 4-methylpyri-

dine without a lag time and vice versa. Shukla (1974)

reported similar results with 2-methylpyridine or 2-

ethylpyridine grown cells of an Arthrobacter sp.

Cells grown in pyridine degraded pyridine at a faster

rate than 4-methylpyridine grown cells and vice

versa. Lee et al. (2001) also reported similar results

with cell of G. nitida LE31 grown on 3-methylpyri-

dine and 3-ethylpyridine. Such phenomena indicate

that some of the enzymes in the pathway of pyridine

and 4-methylpyridine degradation are shared.

Acknowledgements We thank Dr M. O. Garg, Director,

Indian Institute of Petroleum, CSIR for his valuable

suggestions and Mr. Kishan Kumar for his guidance on

HPLC analysis.

486 Biodegradation (2008) 19:481–487

123



References

Arenskötter M, Bröker D, Steinbüchel A (2004) Biology of the

metabolically diverse genus Gordonia. Appl Environ

Microbiol 70:3195–3204

Belhaj A, Desnoues N, Elmerich C (2002) Alkane biodegra-

dation in Pseudomonas aeruginosa strains isolated from a

polluted zone: identification of alkB and alkB-related

genes. Res Microbiol 153:339–344

De Miguel T, Sieiro C, Poza M, Villa TG (2000) Isolation and

taxonomic study of a new canthaxanthin-containing bac-

terium, Gordonia jacobaea MV-1 sp. nov. Int Microbiol

3:107–111

Dobson KR, Stephenson M, Greenfield PF, Bell PRF (1985)

Identification and treatability of organics in oil shale retort

water. Water Res 19:849–856

Feng Y, Kaiser J-P, Minard RD, Bollag J-M (1994) Microbial

transformation of ethylpyridines. Biodegradation 5:121–

128

Kaiser J-P, Feng Y, Bollag J-M (1996) Microbial metabolism

of pyridine, quinoline, acridine, and their derivatives

under aerobic and anaerobic conditions. Microbiol Rev

60:483–498

Korosteleva LA, Kost AN, Vorob’eva LI, Modyanova LV,

Terent’ev PB, Kulikov NS (1981) Microbiological deg-

radation of pyridine and 3-methylpyridine. Appl Biochem

Microbiol 17:276–283

Kummer C, Schumann P, Stackebrandt E (1999) Gordonia
alkanivorans sp. nov., isolated from tar-contaminated soil.

Int J Syst Bacteriol 49:1513–1522

Lee JJ, Rhee S-K, Lee S-T (2001) Degradation of 3-methyl-

pyridine and 3-ethylpyridine by Gordonia nitida LE31.

Appl Environ Microbiol 67:4342–4345

Leenheer JA, Stuber HA (1981) Migration through soil of

organic solutes in an oil-shale process water. Environ Sci

Technol 15:1467–1475

Leenheer JA, Noyes TI, Stuber HA (1982) Determination of

polar organic solutes in oil-shale retort water. Environ Sci

Technol 16:714–723

O’Loughlin EJ, Sims GK, Traina SJ (1999) Biodegradation of

2-methyl, 2-ethyl, and 2-hydroxypyridine by an

Arthrobacter sp. isolated from subsurface sediment.

Biodegradation 10:93–104

Pereira WE, Rostad CE (1985) Investigations of organic con-

taminants derived from wood-treatment processes in a

sand and gravel aquifer near Pensacola, Florida. U.S.

Geological Survey Water-Supply Paper 2290. U.S Geo-

logical Survey, Denver, CO

Pereira WE, Rostad CE, Garbarino JR, Hult MF (1983)

Groundwater contamination by organic bases derived

from coal-tar wastes. Environ Toxicol Chem 2:283–294

Rhee S-K, Lee GM, Lee S-T (1996) Influence of a supple-

mentary carbon source on biodegradation of pyridine by

freely suspended and immobilized Pimelobacter sp. Appl

Microbiol Biotechnol 44:816–822

Rhee S-K, Lee GM, Yoon J-H, Park Y-H, Bae H-S, Lee S-T

(1997) Anaerobic and aerobic degradation of pyridine by

a newly isolated denitrifying bacterium. Appl Environ

Microbiol 63:2578–2585

Ronen Z, Abeliovich A, Nejidat A (1998) Biodegradation of

alkylpyridines by bacteria isolated from a polluted sub-

surface. Biodegradation 8:357–361

Shukla OP (1974) Microbial decomposition of a-picoline. Ind J

Biochem Biophys 11:192–200

Shukla OP (1975) Microbial decomposition of 2-ethylpyridine,

2,4-lutidine and 2,4,6-collidine. Ind J Exp Biol 13:574–

575

Watson GK, Cain RB (1975) Microbial metabolism of the

pyridine ring. Metabolic pathways of pyridine biodegra-

dation by soil bacteria. Biochem J 146:157–172

Woese CR, Gutell R, Gupta R, Noller HF (1983) Detailed

analysis of the higher-order structure of 16S-like ribo-

somal ribonucleic acids. Microbiol Rev 47:621–669

Xue Y, Sun X, Zhou P, Liu R, Liang F, Ma Y (2003) Gordonia
paraffinivorans sp. nov., a hydrocarbon-degrading acti-

nomycete isolated from an oil-producing well. Int J Syst

Bacteriol 53:1643–1646

Yoon J-H, Lee JJ, Kang S-S, Takeuchi M, Shin YK, Lee ST,

Kang KH, Park Y-H (2000) Gordonia nitida sp. nov., a
bacterium that degrades 3-ethylpyridine and 3-methyl-

pyridine. Int J Syst Evol Microbiol 50:1203–1210

Biodegradation (2008) 19:481–487 487

123


	Degradation of pyridine and 4-methylpyridine by Gordonia terrea IIPN1
	Abstract
	Introduction
	Materials and methods
	Enrichment and isolation
	Identification and phylogenetic analysis of strain IIPN1
	Pyridine degradation by growing cells
	Pyridine and 4-methylpyridine degradation by resting cells
	Analytical methods
	Sequence submission

	Results
	Enrichment and identification
	Growth associated degradation of pyridine
	Influence of supplementary nitrogen and carbon source on pyridine degradation
	Effect of pyridine concentration
	Degradation of pyridine and 4-methylpyridine by resting cell

	Discussion
	Acknowledgements
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


