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The ability of leguminous plants to enrich soil with
available nitrogen due to biological nitrogen fixation
in symbiosis with root nodule bacteria is an essential
factor not only for the maintenance of fertility of cul�
tivated soils, but also for maintaining the balance of
natural ecosystems.

While the root nodule bacteria entering into symbi�
osis with the legumes of agricultural significance have
been characterized in detail, the microsymbionts of
wild legumes remain poorly studied. In recent years,
information appeared in the literature that, contrary
to previous notions, not only bacteria of the family
Rhizobiaceae, but also other bacteria not even belong�
ing to the class Alphaproteobacteria are capable of effi�
cient nitrogen�fixing symbioses with legumes [1–3].
In order to understand the formation of the specificity
of nitrogen�fixing symbiosis, it is therefore necessary
to have a full notion of the possible legume symbionts:
their species composition, phylogeny, and genetic
diversity. This especially concerns the microsymbionts
of wild leguminous plants growing in temperate cli�
mates, where the most specialized and evolutionarily
young representatives of the subfamily Faboidae dwell.
These plants are characterized by highly specific inter�
action of the “cross�inoculation group” type, in which
the rhizobia of a certain species or even biotype form
an efficient symbiosis only with the representatives of
a certain genus or several closely related genera of

plants [4]. In the course of evolution, this increase in
the specificity of the interaction of the partners was
accompanied by an increase in nitrogen�fixing activity
[5].

Plants of the genus Lathyrus L. are the most wide�
spread wild legumes on the territory of the Republic of
Bashkortostan (RB).

Bitter peavine Lathyrus vernus (L.) Bernh.
(Fabaceae) is a perennial rhizomatous herb with a
wide area of prevalence. It grows in shady forests and
shrubs throughout Europe, in the European part of
Russia, and in Belarus and Ukraine, as well as in cer�
tain areas in the Caucasus and Siberia. It is of interest
as a fodder and vernal nectariferous plant (a bee
plant); it is also used in traditional medicine. In recent
years, it has been used widely as an ornamental plant
in landscaping.

The aim of this work was to look into the genetic
diversity and phylogeny of root nodule bacteria enter�
ing into symbiosis with Lathyrus vernus growing in
various regions of the RB.

MATERIALS AND METHODS

Root nodules were collected from the roots of
L. vernus before flowering in plants spaced at least
10 m apart. The nodular surface was sequentially ster�
ilized for 2 min in 70% ethyl alcohol and for 2 min in
10% sodium hypochlorite. The nodules were then
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washed off repeatedly with sterile tap water. The tips of
the distal part of the nodules were removed with sterile
needles of disposable 5�ml syringes. Another sterile
needle was then used to scrape off the nodule content
at the side of the section and to plate it on solid TY
nutrient medium (0.1% yeast extract, 1% bacto�trip�
ton, 0.1% CaCl2, 1.5% agar) was inoculated.

Bacterial DNA was isolated by cell lyzing in 1%
Triton X100. For this purpose, a small amount of the
bacterial mass was placed into 1.5�ml test tubes with
100 µl of 1% Triton X100, resuspended, and incubated
for 10 min at 95°C. The cell debris was precipitated by
centrifugation at 12000 g for 3 min. The supernatant
was used as a template for PCR.

The PCR was carried out on a Tertsik MS2 ampli�
fier (DNK�Tekhnologiya, Russia) and T1 Thermocy�
cler amplifier (Biometra, Germany) using the stan�
dard kits for DNA amplification.

The genetic diversity of the strains harvested was
studied with RAPD (Random Amplified Polymorphic
DNA) analysis [6] using the following random prim�
ers: (1) 5'�gggcgctg�3', (2) 5'�caggcccatc�3', (3) 5'�
gcgtccattc�3', and (4) 5'�acggtggacg�3'.

PCR restriction fragment length polymorphism
analysis [7] of the 16S rRNA gene was carried out
using the finely cleaving restriction endonucleases
Kzo91 and HaeIII. The primers PdrfF (5'�tggctca�
gaacgaacgaacgctggcggc�3') and PdrfR (5'�taccttgttac�
gacttcaccccagtc�3') flanking the gene fragment (about
1400 bp) were used for 16S rRNA gene amplification.

Phylogenetic analysis of the strains was carried out
based on the data of multiple alignment of the
sequenced 16S rRNA gene fragments also amplified
using the primers PdrfF and PdrfR. The nucleotide
sequences were determined using an automatic ABI
PRISM 310 sequencer (Applied Biosystems, Inc.,
United States) with Big Dye Terminator v.3.1 kits.

Analysis of the plasmid profile of the microorgan�
isms was carried out by the method described by Eck�
hardt [8]. The plasmids were separated in 0.8% agar�
ose gel using a PPI�200 current inverter (MJ
Research, United States) at 3–4 V/cm gel.

Computer�aided analysis of the nucleotide
sequences was carried out using the Lasergene soft�
ware package (DNASTAR, Inc., United States).

The search for similar sequences in the GenBank
database was carried out using the Megablast program
available at the NCBI website (www.ncbi.
nlm.nih.gov).

The 16S rRNA nucleotide sequences of the strains
studied were deposited in the International Nucle�
otide Sequence Databank under the numbers
GQ118964, GQ118966, and GQ118965.

RESULTS AND DISCUSSION

In order to study the phylogeny and genetic diver�
sity of the root nodule bacteria nodulating L. vernus

growing on the territory of Tatyshly (A), Ufa (B), and
Beloretsk raions of the RB (Fig. 1), the nodules were
collected from roots of these plants. Later, pure bacte�
rial cultures capable of forming nodules on the roots of
L. vernus were isolated from them: 167 strains from the
nodules of the plants growing in Tatyshly rayon
(group A); 50 strains, from Ufa rayon (group B); and
50 strains, from Beloretsk raion (group C).

The genetic diversity of the strains obtained was
studied by RAPD analysis using several random prim�
ers. The strains from all the three groups were found to
have a high degree of DNA polymorphism. Figure 2
exemplifies the RAPD profiles of group B strains for
two random primers.

However, it was possible to reveal several strains
with identical RAPD profiles. Since complete coinci�
dence of the RAPD profiles for several random prim�
ers implied strain identity, one sample from each
homogeneous group was used for subsequent study.
Thus, 109, 42, and 40 strains remained in groups A, B,
and C, respectively.

To determine the phylogenetic relationship
between the root nodule bacteria, RFLP analysis of
16S rRNA genes was carried out using finely cleaved
restriction endonucleases Kzo91 and HaeIII. It was
found that, despite the high strain heterogeneity, bac�
teria within the groups were sufficiently homogeneous
according to the RFLP profile of 16S rRNA genes.
Thus, for example, all group A strains formed one
homogeneous group, except for two differing strains,
and the bacteria of groups B and C could further be
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Fig. 1. Map of the RB with designations of the regions of
collecting the nodules from the roots of L. vernus: in Taty�
shly raion (A) and Ufa (B) and Beloretsk raion (C) of the
RB.
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subdivided into two subgroups. For group B bacteria,
the between�subgroup ratio was 71 (B1) and 29%
(B2); for group C bacteria, 65 (C1) and 35% (C2).
Thus, it was found that, in each sampling region, bitter
peavine entered into symbiosis with a group of closely
related strains characterized, nevertheless, by a high
degree of DNA polymorphism, which could have been
caused by a different plasmid composition of the bac�
teria studied. In order to check this suggestion, the
plasmid profiles of the root nodule bacteria were inves�
tigated. Indeed, all the microsymbiont strains exhibit�
ing DNA polymorphism were found to differ in plas�
mid composition. The number of plasmids among the
strains varied between two and eight, and their size
varied from 150 to 1000 Kb (Fig. 3).

The considerable plasmid diversity of the strains
nodulating a single plant species suggests a sufficiently
high rate of genetic recombination, resulting in the
emergence of a large number of strains with high DNA
polymorphism capable of entering into symbiosis with
a certain plant species.

To investigate the phylogenetic position of the
strains of the strains under study, the sequences of 16S
rRNA gene fragments (approximately 1400 bp) were
determined and compared with the known similar
sequences from the GenBank database. For this pur�
pose, two strains from each group were analyzed.

The search for similar sequences in the GenBank
database demonstrated that the sequences of the 1300�
to 1400�bp fragments from the microorganisms
assigned to groups B and C were almost completely
(98% homology) identical to the 16S rRNA gene
sequence of Rhizobium leguminosarum (Fig. 4). Most
of them appeared to be closer to R. leguminosarum bv.
trifolii (B1, B2, C1), while group C2 bacteria were

closer to R. leguminosarum bv. viciae. As for group A
microorganisms, the 16S rRNA gene sequences
exhibited 99% homology to the sequence of R. tropici
(GQ118964), while the few strains differing in the 16S
RFLP profile (GQ118966 and GQ118965) were
related to the species R. leguminosarum bv. viciae.

The plants of the genus Lathyrus were considered
to comprise one cross�inoculation group with the
plants of the genera Vicia, Pisum, and Lens and to
enter into symbiosis with R. leguminosarum bv. viciae
[9, 10]. Our results show that, under the soil and cli�
matic conditions of the RB, L. vernus enters into sym�
biosis with strains related not only to R. leguminosarum
bv. viciae, but also to R. leguminosarum bv. trifolii. Still
more unexpected were the results of the study of group
A root nodule bacteria, which, according to the 16S
rRNA gene sequences, appeared to be close to R. trop�
ici, which are usually the symbionts of Phaseolus vul�
garis L. Although these species are closely related and
even in the 1984 edition of Bergey's Manual of Deter�
minative Bacteriology all these bacteria were classified
within one species Rhizobium leguminosarum, which
included three biovars—phaseoli, trifolii, and viciae—
the division into the biovars was, however, based on
host specificity. R. leguminosarum bv. trifolii comprised
the strains inoculating clover Trifolium spp.; R. legu�
minosarum bv. viciae, the strains inoculating the spe�
cies identified with or related to the tribe Vicieae, such
as Pisum, Vicia, Lens, and Lathyrus spp.; and R. legu�
minosarum bv. phaseoli, the strains nodulating Phaseo�
lus spp. Later, the obvious heterogeneity among the
strains of R. leguminosarum bv. phaseoli led to this bio�
var being divided with the description of two new spe�
cies: R. tropici and R. etli. Since L. vernus is capable of
entering into symbiosis with R. leguminosarum bv.
viciae, R. leguminosarum bv. trifolii, and R. tropici,
other plant species of the tribe Vicieae are probably
also able, under certain conditions, to enter into sym�
biosis with all these species of bacteria. This finding
may be of some practical value. For example, R. tropici
is more resistant to such unfavorable environmental
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Fig. 2. Electrophoretogram of the RAPD analysis of group
B root nodule bacteria using the primers 5'�gggcgctg�3' (I)
and 5'�caggcccatc�3' (II). The size of the DNA fragments
in the nucleotide pairs is indicated on the right. Strain
numbers are designated by digits.
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Fig. 3. Plasmid profiles of group B root nodule bacteria.
The size is given in Kb (thousands of nucleotide base
pairs). Strain numbers are designated by digits.
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conditions as high temperature, low humidity, and low
pH, despite being a less effective nitrogen�fixer than
R. leguminosarum due to the presence of only one copy
of the nifH gene [11]. R. leguminosarum cells contain
multiple copies of this gene [12]. Nevertheless, this
provides good material for the selection of effective
strains of root nodule bacteria which may be utilized as
symbionts for leguminous cultures grown under unfa�
vorable conditions.

Thus, under the RB soils conditions, L. vernus
enters into symbiosis with genetically heterogeneous
strains of R. leguminosarum (both bv. viciae and bv. tri�
folii) and, in certain cases, depending on the soil and
climatic conditions, with R. tropici strains, which was
previously not considered be typical of these plants.
The genetic heterogeneity of the strains is mainly due
to the differences in their plasmid composition,
which, in turn, is indicative of a sufficiently high
genetic recombination rate between the rhizosphere
bacteria.

ACKNOWLEDGMENTS

This work was supported by the Federal Targeted
Program “Studies and Developments of the Priority
Lines of Development of the Scientific Research and
Technological Complex of Russia for 2007–2012”
(project no. 02.518.11.7138) and the Russian Founda�
tion for Basic Research–Povolzh’e (project no. 10�04�
97018).

REFERENCES

1. Chen, W.�M., de Faria, S.M., Straliotto, R., Pitard, R. M.,
Simoes�Araujo, J.L., Chou, J.�H., Chou, Y.�J., Barrios, E.,
Prescott, A.R., Elliott, G.N., Sprent, J.L., Young, J.P.W., and
James, E.K., Proof that Burkholderia Strains Form Effective
Symbioses with Legumes: a Study of Novel Mimosa�nodulat�
ing Strains from South America, Appl. Environ. Microbiol.,
2005, vol. 71, no. 11, pp. 7461⎯7471.

2. Amadou, C., Pascal, G., Mangenot, S., Glew, M.,
Bontemps, C., Capela, D., Carrere, S., Cruveiller, S.,
Dossat, C., Lajus, A., Marchetti, M., Poinsot, V.,
Rouy, Z., Servin, B., Saad, M., Schenowitz, C.,
Barbe, V., Batut, J., Médigue, C., and Masson�Boivin, C.,
Genome Sequence of the (�Rhizobium Cupriavidus tai�
wanensis and Comparative Genomics of Rhizobia,
Genome Res., 2008, vol. 18, no. 9, pp. 1472⎯1483.

3. Marchetti, M., Capelal, D., Glewl, M., Cruveiller, S.,
Chane�Woon�Ming, B., Gris, C., Timmers, T., Poin�
sot, V., Gilbert, L., Heeb, P., Médigue, C., Batut J., and
Masson�Boivin, C., Experimental Evolution of a Plant
Pathogen into a Legume Symbiont, PLoS Biology,
2010, vol. 8. e1000280.

4. Provorov, N.A., Specificity of Interaction between
Root Nodule Bacteria and Legumes and Evolution of
Symbiosis, S.�Kh. Biol., 1985, no. 3, pp. 34⎯47.

5. Pariiskaya, A.N. and Klevenskaya, I.L., Natural Occur�
rence and Possible Pathways for the Evolution of a
Nitrogen�Fixing Symbiosis, Usp. Mikrobiol., 1979, vol. 14,
pp. 124⎯147.

6. Williams, J.G., Kubelik, A.R., Livak, K.J., Rafalski, J.A., and
Tingey, S.V., DNA Polymorphisms Amplified by Arbitrary
Primers Are Useful as Genetic Markers, Nucleic Acids Res.,
1990, vol. 18, no. 22, pp. 6531⎯6535.

Group A bacteria, strain 17 (GQ118966)
Group A bacteria, strain 1 (GQ118965)
Rhizobium leguminosarum by. viciae (DQ835292)
Group B1 bacteria
Rhizobium leguminosarum by. viciae (AM236080)
Group B2 bacteria
Rhizobium leguminosarum by. trifolii WS
Group B2 bacteria
Group C1 bacteria;
Rhizobium etli (AY117629)
Group A bacteria (GQ118964)
Rhizobium tropiсi (RHM16SRDC)
Rhizobium gallicum (AY509211)
Rhizobium mongolense (RMU89816)
Agrobacterium tumefaciens (AY504963)
Rhizobium galegae (RHM16SRDB)
Mesorhizobium mediterraneum (AY195844)
Mesorhizobium tianshanense (AF041447)
Mesorhizobium plurifarium (DQ100068)
Phyllobacterium leguminum (AY785323)
Sinorhizobium fredii (RHM16SDQ)
Sinorhizobium meliloti (RHM16SRDM)
Sinorhizobium terangae (RS7834)
Azorhizobium caulinodans (AC16RR)
Bradyrhizobium elkanii (AF239845)
Bradyrhizobium japonicum (AY904732)

02.04.05.9

Замена нуклеотидов (× 100)

...

....

....
.

.

...........................

Fig. 4. Phylogenetic tree of the root nodule bacteria constructed on the basis of comparative analysis of 16S rRNA gene sequences.



100

MICROBIOLOGY  Vol. 80  No. 1  2011

BAYMIEVet al.

7. Laguerre, G., Mavingui, P., Allard, M.R., Charnay, M.P.,
Louvrier, P., Mazurier, S.I., Rigottier�Gois, L., and
Amarger, N., Typing of Rhizobia by PCR DNA Finger�
printing and PCR�Restriction Fragment Length Poly�
morphism Analysis of Chromosomal and Symbiotic
Gene Regions: Application to Rhizobium leguminosa�
rurm and Its Different Biovars, Appl. Environ. Micro�
biol., 1996, vol. 62, no. 6, pp. 2029⎯2036.

8. Eckhardt, T., A Rapid Method for the Identification of
Plasmid Desoxyribonucleic Acid in Bacteria, Plasmid,
1978, no. 4, pp. 584⎯588.

9. Young, J.P.W. and Johnston, A.W.B., The Evolution of
Specificity in the Legume�Rhizobium Symbiosis,
TREE, 1989, vol. 4, no. 11, pp. 341⎯349.

10. Drouin, P., Prevost, D., and Antoun, H., Classification
of Bacteria Nodulating Lathyrus japonicus and
Lathyrus pratensis in Northern Quebec as Strains of
Rhizobium leguminosarum bv. viciae, Int. J. Syst.Bacte�
riol., 1996, vol. 46, no. 4, pp. 1016⎯1024.

11. Muglia, C.I., Grasso, D.H., and Mario, Aguilar, O.,
Rhizobium tropici Response to Acidity Involves Activa�
tion of Glutathione Synthesis, Microbiology (UK),
2007, vol. 153, no. 4, pp. 1286⎯1296.

12. Martínez�Romero, E., Segovia, L., Mercante, F.M.,
Franco, A.A., Graham, P., and Pardo, M.A., Rhizo�
bium tropici, a Novel Species Nodulating Phaseolus vul�
garis L. Beans and Leucaena sp. Trees, Int. J. Syst. Bac�
teriol., 1991, vol. 41, no. 3, pp. 417⎯426.



<<
  /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 /Warning
  /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


