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Abstract Late embryogenesis abundant (LEA) proteins

are closely associated with the tolerance of diverse stresses

in organisms. To elucidate the function of group 3 LEA

proteins, the soybean PM2 protein (LEA3) was expressed

in E. coli and the protective function of the PM2 protein

was assayed both in vivo and in vitro. The results of a spot

assay and survival ratio demonstrated that the expression of

the PM2 protein conferred the tolerance to the E. coli

recombinant for different temperature conditions (4, -20

or 50�C) or high-salinity stresses (120 mmol/l MgCl2 or

120 mmol/l CaCl2). In addition, it was demonstrated that

the in vitro addition of the PM2 protein could prevent the

lactate dehydrogenase (LDH) inactivation normally

induced by freeze–thaw. In the 62�C condition, the PM2

protein (1:5 mass ratio to LDH) effectively prevented the

LDH thermo-denaturation by acting synergistically with

trehalose (62.5 lg/ml), although the PM2 protein alone at

this concentration showed little protective effect on LDH

activity. Furthermore, the results showed that the PM2

protein could partially prevent the thermo-denaturation of

the bacterial proteome after boiling for 2 min. Based on

these results, we propose that the PM2 protein itself, or

together with trehalose, conferred the tolerance to the

E. coli recombinant against diverse stresses by protecting

proteins and enzyme activity under low- or high- temper-

ature conditions.

Introduction

Late embryogenesis abundant (LEA) proteins are associ-

ated with the acquisition of resistance to various environ-

mental stresses in organisms [1, 2]. More than 20 years ago,

the LEA protein was first characterized in cottonseed during

the maturation phase of embryogenesis [3]. Later, more

LEA proteins were discovered to accumulate in plant veg-

etative tissues exposed to various stresses, such as chilling,

drought and high salinity [1, 2]. The LEA proteins belong to

a multigene family, which is classified into 5–9 groups

based on expression patterns and sequences [1, 2]. Among

them, the Group 3 LEA (LEA3) proteins are characterized

by a repeated 11-mer amino acid motif (TAQAAKEKAGE)

[4]. Recently, LEA3-like proteins were also found to be

related with stresses in some non-plant organisms, such as

invertebrates, green alga, and even some bacteria [5–7].

There are extensive correlative data linking the expression

of LEA3 proteins with tolerance toward diverse stresses in

organisms [1, 8, 9]. However, there was exception: the

expression of certain LEA3 proteins (barley HVA1, Crat-

erostigma pcC3-06) could not enhance the heat- or drought-

tolerance of yeast or tobacco [10, 11].

Earlier studies suggested various biochemical mecha-

nisms for LEA3 proteins, such as the repair of improperly

folded proteins as a chaperone, the binding of metal ions,

the stabilization of membrane structure, and the increase of

cellular mechanical strength through the generation of fil-

aments [4, 12–14]. Recently, LEA3 proteins were experi-

mentally demonstrated to protect small unilamellar vesicles

(SUVs) or cell membranes against desiccation [8, 13], and

to prevent the protein aggregation and enzyme inactivation

caused by desiccation, freeze–thaw or heat stresses [15,

16]. Current in vitro data have provided support for the

multifunctional activity of LEA3 proteins, however, the
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activity remains to be tested in different assays using the

same protein [14].

The soybean PM2 protein is a member of the LEA3 family

[17]. Previously, we demonstrated that the over-expression

of the PM2 protein enhanced the tolerance of E. coli to a high

concentration of NaCl and KCl [18]. In the present study, we

also demonstrated that the PM2 protein could improve the

tolerance of recombinant E. coli under temperature (4, -20,

50�C) or salinity (MgCl2 or CaCl2) stress. Additionally, the

in vitro protective function of the PM2 protein on LDH

activity was evaluated under diverse stresses, such as freeze–

thaw, high temperature or high salinity.

Materials and Methods

Strains and Plasmids

The E. coli BL/pET and BL/PM2 strains were constructed

and kept in the Key Laboratory of Microorganism and

Genetic Engineering of Shenzhen City, P.R. China [18].

The soybean PM2 gene (Genebank accession no. M80664)

was inserted into the pET28a vector and then transformed

into E. coli BL21 Star cells to create the BL/PM2 recom-

binant. There is a 69 His-tag constructed at the N-terminal

of the PM2 fusion protein. The empty vector of pET28a

was introduced into E. coli to create BL/pET as the control.

The Spot Assay and Survival Ratio of Recombinant

E. coli Under Diverse Stresses

To assay the temperature tolerance of the E. coli recombi-

nant, the cultures were induced with IPTG at a final con-

centration of 1 mmol/l for 4 h and exposed to 4 and -20�C

for 24 h, or 50�C for 45 min, respectively. The concentra-

tion of these cultures was identified at OD600 = 0.8 and

then diluted serially (1:10 and 1:100). Ten microliters of

each sample were spotted onto LB plates with 1 mmol/l

IPTG before incubation overnight at 37�C. In addition,

100 ll of stressed and unstressed samples were spread on

the LB plates, respectively. The number of colonies on the

plates was calculated to determine the survival ratios [18].

For the assay of the salinity tolerance of the recombi-

nants, E. coli cells were spread on LB plates containing

120, 250 or 500 mmol/l MgCl2 or CaCl2, respectively.

After incubation for 48 h at 37�C, the survival ratios of

E. coli were calculated [18].

LDH Activity Measurement

LDH from hog muscle was purchased from Roche (India-

napolis, IN, USA). The LDH was diluted in 100 mmol/l

sodium phosphate buffer (pH 7.0) to a final concentration of

50 mg/l. Test proteins were added to equal volumes of LDH

at mass ratios of 1:5, 1:1, 5:1 or 10:1 (test protein: LDH). In

the freeze–thaw assay, the enzyme mixture was flash-frozen

in liquid N2 for 1 min and then thawed for 5 min at 25�C.

This freeze–thaw cycle was repeated up to 10 times. For the

thermo-denaturation assay, the LDH mixture was incubated

at 62�C for 5 min and then kept on ice for 20 min. For the

high-salinity assay, the LDH mixture was supplemented

with 1 mol/l NaCl and kept at 25�C for 20 min.

To determine the LDH activity, 5 ll of the LDH mixture

was made up to 2 ml with the assay buffer (100 mmol/l

PBS buffer containing 7.5 mmol/l pyruvate and 0.1 mmol/l

NADH), or the assay buffer supplemented with 1 mol/l

NaCl for the high-salinity treatment. The LDH activity was

monitored by the absorbance at 340 nm for 2 min due to

the conversion of NADH into NAD at 37�C. All of the

values given were expressed as the percentage of the rate of

the reaction measured for the untreated samples.

Thermo-Stability of Soluble Proteome of E. coli

The soluble proteins were extracted from E. coli cells and

the amount of soluble protein was quantified by the Brad-

ford protein assay and diluted to 1.54 g/l. The proteome was

kept at 100�C for 2 min with 0.5 g/l PM2 or BSA. And the

soluble protein extraction was kept boiling and used as

control. The samples were centrifuged at 10,000 rpm for

20 min at 4�C. The amount of protein in the supernatant

was quantified again by the Bradford protein assay and the

protein fractions were detected by SDS–PAGE.

Statistical Analysis

The survival ratio assay and LDH activity measurement

were carried out in triplicate. The values shown in the table

and figures were mean value ± SD. The statistical signif-

icance was determined by the Student’s t test.

Results

The Temperature Tolerance of E. coli Recombinants

Expressing the PM2 Fusion Protein

To determine the effect of the over-expression of the PM2

protein on the growth of E. coli recombinants under dif-

ferent temperature stresses, cultures of BL/pET and BL/

PM2 recombinants were induced by IPTG, and then the

spot assay and survival ratio were performed. The results of

the spot assay showed that there was no obvious difference

in growth behaviors between BL/pET and BL/PM2 at

37�C, indicating that expression of the PM2 protein did not

inhibit the growth of the E. coli recombinant (Fig. 1a).
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When the cells were subjected to the temperatures of 4,

-20, and 50�C, however, the numbers of BL/PM2 colonies

were much greater than those of BL/pET (Fig. 1a). Fur-

thermore, under the stresses of 4, -20, and 50�C, the

survival ratios of BL/PM2 were about 55, 21, and 35%,

respectively, which were much higher than those of the

control BL/pET (Fig. 1b).

The High-Salinity Tolerance of E. coli Recombinants

Expressing the PM2 Fusion Protein

Previously, we demonstrated that the expression of the

PM2 protein contributes to E. coli cell tolerance to

500 mmol/l NaCl or 500 mmol/l KCl [18]. In the present

study, neither BL/pET nor BL/PM2 could survive on the

medium supplemented with 500 mmol/l or 250 mmol/l

MgCl2 or CaCl2 (Table 1). When the concentration of

MgCl2 or CaCl2 in the plates was reduced to 120 mmol/l,

the survival ratio of BL/PM2 was 24 or 20%, respectively,

much higher than that of the BL/pET control (Fig. 2).

These results indicated that the over-expression of the

PM2 protein could enhance the tolerance of E. coli

recombinants under low- and high-temperature and high-

salinity conditions. These results are in contrast to those

from our previous studies of the soybean ZLDE-2 and

Sali3-2 proteins [19, 20]. Thus, the possibility could be

ruled out that any heterogeneous protein expressed in

E. coli could protect the recombinants from stresses as was

observed for the soybean PM2 protein.

The Protective Effect of the PM2 Fusion Protein

on LDH Activity Under Different Stresses In Vitro

LDH is known to be sensitive to water limitation upon

freeze–thaw [15]. The protective effect of the PM2 protein

on LDH activity after a freeze–thaw treatment was asses-

sed. After 10 cycles of freeze–thaw treatments, the residual

LDH activity was reduced to 1% (Fig. 3a). In the presence

of PM2, the LDH activity remained at 11% even at the

mass ratio of 1:1 (PM2: LDH). This result indicated that

the PM2 protein prevented the LDH inactivation that is

normally induced by a freeze–thaw. Furthermore, the

protective effect of PM2 on LDH activity was manifested

in a dose-dependant manner in the range from a 1:1 to 10:1

mass ratio (PM2: LDH), as shown in Fig. 3a.

Then, the thermo-protective action of PM2 on LDH

activity was evaluated. Under the stress of 62�C, the

residual LDH activity decreased to 18% at a 1:5 mass ratio

Fig. 1 The growth performance of BL/PM2 and BL/pET cells. The

E. coli cells were subjected to 4 or -20�C for 24 h, or 50�C for

45 min, and were then spotted (a) or spread (b) on LB plates

containing 1 mmol/l IPTG. The survival ratio was calculated

according to [18]. Significant differences in the growth performance

between BL/PM2 and BL/pET cells are indicated as * P \ 0.05,

evaluated with the Student’s t test

Table 1 The effect of different concentrations of MgCl2 or CaCl2 on

the growth of the E. coli recombinants

E. coli Colony number on the LB plate with high salinity

MgCl2 concentration

(mmol/l)

CaCl2 concentration

(mmol/l)

50 120 250/500 50 120 250/500

BL/pET [1000 30–150 – [1000 20–70 –

BL/PM2 [1000 50–300 – [1000 50–200 –

– means no or few colony

Fig. 2 The survival ratios of BL/PM2 and BL/pET cells under high-

salinity conditions. E. coli cells were spread on LB plates containing

120 mmol/l MgCl2 or 120 mmol/l CaCl2, respectively, and then

incubated at 37�C for 48 h. Significant differences in the survival

ratio between BL/PM2 and BL/pET cells are indicated as * P \ 0.05,

evaluated with the Student’s t test
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of PM2: LDH. Upon increasing the PM2: LDH mass ratio

to 50:1, the residual LDH activity rose to 68% of the ori-

ginal activity (Fig. 3b). It was noteworthy that the LDH

residual activity remained at 47% when 62.5 lg/ml treha-

lose was added to the PM2 mixture (1:5 mass ratio to

LDH), much higher than that with trehalose alone

(Fig. 3c). Obviously, the addition of the PM2 protein could

enhance the protective effect of trehalose against LDH

thermo-inactivation in a synergistic fashion. In contrast,

such a synergistic effect was not observed for the combi-

nation of BSA and trehalose (Fig. 3c).

In the presence of 1 mol/l NaCl, however, the residual

LDH activity remained at 100%, indicating that the LDH

activity was not sensitive to a high concentration of ions.

The LDH activity also retained the original level when

BSA or the PM2 protein was supplemented under the high-

saline condition (Fig. 3d).

The Thermo-Protective Effect of the PM2 Protein

on the E. coli Soluble Proteome

To examine whether the PM2 protein can protect other

proteins beside LDH, the proteome of E. coli was extracted

and kept at 100�C with or without the PM2 protein. The

amount of soluble protein remaining after centrifugation

was measured. The results showed that only 0.6% of the

proteome remained stable in the supernatant after boiling

(Table 2), whereas 18.6% of the proteins remained stable

in the presence of PM2, which was more than the sum of

the proteome (0.6%) and PM2 protein (8.75%). Further-

more, the SDS–PAGE pattern of the thermostable proteins

was similar in the absence or presence of the PM2 protein,

indicating that the PM2 protein protected the E. coli pro-

teome non-specifically (Fig. 4).

Discussion

There are extensive correlative data linking the expression

of LEA3 proteins with stress resistance in plants, and

LEA3 proteins have been proposed to play important roles

in protecting plants from abiotic stresses [1, 8, 9]. How-

ever, it is still unclear whether the same LEA3 protein

could contribute to protecting organisms from diverse

stresses. In this and our previous paper, we demonstrated

that the over-expression of the same PM2 protein enhanced

Fig. 3 The protective effect of

the PM2 protein on LDH

activity. The LDH residual

activity after 10 freeze–thaw

cycles was determined with

PM2 (j) or BSA (s) protein

(a). Significant differences in

the residual activity of LDH

between PM2 protein group and

control group are indicated as

* P \ 0.05, evaluated with the

Student’s t test. The residual

activity of LDH at 62�C was

detected in the presence of

different concentrations of PM2

(j) or BSA (s) (b). Trehalose

showed a synergistic protective

effect with PM2, but not with

BSA at a 1:5 mass ratio of tested

protein: LDH (c). 1 mol/l NaCl

showed no deleterious effects

on LDH activity with or without

PM2 or BSA (d). The data are

the averages ± standard

deviations of three independent

experiments. * P \ 0.05
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the tolerance of E. coli recombinants to diverse stresses:

low or high temperatures, and high salinities of NaCl, KCl,

MgCl2 or CaCl2 [18].

In general, the denaturation and dysfunction of enzymes

(or other protein) occur when cells are subjected to dehy-

dration, or low- or high-temperature stress [15, 16, 21]. In

the present study, the in vitro data showed that the PM2

protein protected LDH against the inactivation induced by

freeze–thaw cycles. Thus, we hypothesized that the PM2

protein would play an important role in protecting the

proteins and enzymes of E. coli cells in vivo under low-

temperature stress.

It has been reported that in vitro LEA proteins protect the

firefly luciferase enzyme at high temperatures [22]. It has

been hypothesized that LEA proteins may play protective

roles for proteins by acting as chaperone molecules [22].

Alternatively, as described by Goyal et al., LEA proteins

could function as a kind of ‘‘molecular shield’’ by forming a

physical barrier between neighboring LDH molecules [15].

In the present study, the PM2 protein alone could protect

LDH activity to some extent in vitro under a high-

temperature stress. In comparison, the PM2 protein, by

acting synergistically with trehalose, protected LDH activity

more effectively. Furthermore, the presence of the PM2

protein could non-specifically prevent the proteome of

E. coli from thermo-denaturation. These results are consis-

tent with those for the AavLEA1 protein [15]. As trehalose

synthesis could be induced dramatically upon the exposure

of E. coli to stress conditions [23], it is reasonable to spec-

ulate that the PM2 protein, together with trehalose, could

prevent enzymes (or proteins) from thermo-denaturation

and enhance the thermo-tolerance of E. coli cells. In addi-

tion, the results showed that the protective effect of PM2 at a

50:1 mass ratio to LDH was much higher than that at the 10:1

mass ratio. Thus, it is still unclear how LEA proteins exactly

function and further investigation will be required on the

behaviors of LEA proteins under stress conditions.

Generally, a high concentration of ions may be toxic to

proteins (enzymes), organelles, and membranes in the cells

[8, 24]. In the present study, the in vitro results showed that

the LDH activity remained at 100% even in 1 mol/l NaCl,

indicating that LDH was not sensitive to high salinity. In

previous papers and the current study, the in vivo results

showed that the expression of the PM2 protein could

directly contribute to the enhanced high-salt tolerance of

E. coli [18]. Some reports suggest that the LEA3 protein

could sequester or bind excess ions in cells subjected to

high salinity [4, 10]. For this reason, we hypothesized that

the expression of the soybean PM2 protein might alleviate

deleterious effect of ions on E. coli.

There are examples in the literature where multiple

functions of the same LEA protein have been assayed. For

instance, it has been demonstrated that the Citrus Cu-

COR15 (dehydrin) may act as an antioxidant, protein sta-

bilizer, and water buffer, and even may bind ions or nucleic

acids [25]. Our results herein showed that the PM2 protein

functioned as a protein stabilizer to maintain LDH activity

and to alleviate ion toxicity in host cells. Thus, we spec-

ulate that the soybean PM2 protein has potential multiple

protective functions, similar to CuCOR15. Further experi-

mental evidence is required to provide advanced knowl-

edge on the diverse functions of the LEA proteins.
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Table 2 The protective effect of the PM2 protein on the soluble proteome of E. coli

Proteome BSA PM2 Proteome ? BSA Proteome ? PM2

Percentage of thermo-stable protein (%) 0.60 ± 0.47 1.9 ± 0.63 8.75 ± 0.69 3.5 ± 0.71 18.6 ± 2.56*

Significant differences in the percentage of thermo-stable protein of proteome ? PM2 and the sum of the proteome and PM2 protein is indicated

in the table as * P \ 0.05, evaluated with the Student’s t test

Fig. 4 The effect of the PM2 protein on the E. coli soluble proteome.

The soluble proteome of E. coli was boiled at 100�C for 2 min in the

presence of BSA or the PM2 protein. The supernatant after

centrifugation was subjected to SDS–PAGE and stained with

Coomassie blue

Y. Liu et al.: Role of PM2 in Diverse Stress 377

123



References

1. Battaglia M, Olvera-Carrillo Y, Garciarrubio A, Campos F, Co-

varrubias AA (2008) The enigmatic LEA proteins and other hy-

drophilins. Plant Physiol 148:6–24

2. Bies-Etheve N, Gaubier-Comella P, Debures A, Lasserre E, Jobet

E, Raynal M, Cooke R, Delseny M (2008) Inventory, evolution

and expression profiling diversity of the LEA (late embryogenesis

abundant) protein gene family in Arabidopsis thaliana. Plant Mol

Biol 67:107–124

3. Dure L (1981) Developmental biochemistry of cottonseed

embryogenesis and germination: changing messenger ribonucleic

acid populations as shown by in vitro and in vivo protein syn-

thesis. Biochemistry 20:4162–4168

4. Dure L (1993) A repeating 11-mer amino acid motif and plant

desiccation. Plant J 3:363–369

5. Makarova KS, Aravind L, Wolf YI, Tatusov RL, Minton KW,

Koonin EV, Daly MJ (2001) Genome of the extremely radiation-

resistant bacterium Deinococcus radiodurans viewed from the

perspective of comparative genomics. Microbiol Mol Biol Rev

65:44–79

6. Tanaka S, Ikedab K, Miyasaka H (2004) Isolation of a new

member of group 3 late embryogenesis abundant protein gene

from a halotolerant green alga by a functional expression

screening with cyanobacterial cells. FEMS Microbiol Lett

236:41–45

7. Browne J, Tunnacliffe A, Burnell A (2002) A hydrobiosis: plant

desiccation gene found in a nematode. Nature 416:38

8. Babu RC, Zhang JX, Blum A, Ho TD, Wu R, Nguyen HT (2004)

HVA1, a LEA gene from barley confers dehydration tolerance in

transgenic rice (Oryza sativa L.) via cell membrane protection.

Plant Sci 166:855–862

9. Sivamani E, Bahieldin A, Wraith JM, Al-Niemi T, Dyer WE, Ho

TD, Qu R (2000) Improved biomass productivity and water use

efficiency under water deficit conditions in transgenic wheat

constitutively expressing the barley HVA1 gene. Plant Sci 155:1–9

10. Zhang L, Akinori O, Masamichi T (2000) Expression of plant

group 2 and group 3 lea genes in Saccharomyces cerevisiae
revealed functional divergence among LEA proteins. J Biochem

127:611–616

11. Iturriaga G, Schneider K, Salamini F, Bartels D (1992) Expres-

sion of desiccation-related proteins from the resurrection plant in

transgenic tobacco. Plant Mol Biol 20:555–558

12. Wise MJ, Tunnacliffe A (2004) POPP the question: what do LEA

proteins do? Trends Plant Sci 9:13–17

13. Tolleter D, Jaquinod M, Mangavel C, Passirani C, Saulnier P,

Manon S, Teyssier E, Payet N, Avelange-Macherel MH, Mach-

erel D (2007) Structure and function of a mitochondrial late

embryogenesis abundant protein are revealed by desiccation.

Plant Cell 19:1580–1589

14. Tunnacliffe A, Wise MJ (2007) The continuing conundrum of the

LEA proteins. Naturwissenschaften 94:791–812

15. Goyal K, Walton LJ, Tunnacliffe A (2005) LEA proteins prevent

protein aggregation due to water stress. Biochem J 388:151–157

16. Reyes JL, Campos F, Wei H, Arora R, Yang Y, Karlson D, Co-

varrubias A (2008) Functional dissection of hydrophilins during

in vitro freeze protection. Plant Cell Environ 31:1781–1790

17. Hsing YC, Chen ZY, Chow TY (1992) Nucleotide sequences of a

soybean complementary DNA encoding a 50-Kilodalton late

embryogenesis abundant protein. Plant Physiol 99:354–355

18. Liu Y, Zheng Y (2005) PM2, a group 3 LEA protein from soy-

bean, and its 22-mer repeating region confer salt tolerance in

Escherichia coli. Biochem Biophys Res Commun 331:325–332

19. Lan Y, Cai D, Zheng Y (2005) Expression in Escherichia coli of

three different soybean late embryogenesis abundant (LEA) genes

to investigate enhanced stress tolerance. J Integr Plant Biol

47(5):613–621

20. Yu Y, Sun H, Zheng Y, Lan Y, Xu S, Tang Y, Ma X (2004)

Isolation and characterization of genes related to salt-tolerance in

soybean. J Shenzhen Univ 21(4):324–330

21. Liu D, Lu Z, Mao Z, Liu S (2009) Enhanced thermotolerance of

E. coli by expressed OsHsp90 from rice (Oryza sativa L.). Curr

Microbiol 58:129–133

22. Kovacs D, Kalmar E, Torok Z, Tompa P (2008) Chaperone

activity of ERD10 and ERD14, two disordered stress-related

plant proteins. Plant Physiol 147:381–390

23. Kandror O, DeLeon A, Goldberg AL (2002) Trehalose synthesis

is induced upon exposure of Escherichia coli to cold and is

essential for viability at low temperatures. Proc Natl Acad Sci

99:9727–9732

24. Sahi C, Singh A, Kumar K, Blumwald E, Grover A (2006) Salt

tolerance response in rice: genetics, molecular biology, and

comparative genomics. Funct Integr Genomics 6:263–284

25. Hara M, Shinoda Y, Tanaka Y, Kuboi T (2009) DNA binding of

citrus dehydrin promoted by zinc ion. Plant Cell Environ 32:532–

541

378 Y. Liu et al.: Role of PM2 in Diverse Stress

123


	Soybean PM2 Protein (LEA3) Confers the Tolerance  of Escherichia coli and Stabilization of Enzyme Activity  Under Diverse Stresses
	Abstract
	Introduction
	Materials and Methods
	Strains and Plasmids
	The Spot Assay and Survival Ratio of Recombinant E. coli Under Diverse Stresses
	LDH Activity Measurement
	Thermo-Stability of Soluble Proteome of E. coli
	Statistical Analysis

	Results
	The Temperature Tolerance of E. coli Recombinants Expressing the PM2 Fusion Protein
	The High-Salinity Tolerance of E. coli Recombinants Expressing the PM2 Fusion Protein
	The Protective Effect of the PM2 Fusion Protein  on LDH Activity Under Different Stresses In Vitro
	The Thermo-Protective Effect of the PM2 Protein  on the E. coli Soluble Proteome

	Discussion
	Acknowledgments
	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 true
  /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 <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


