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Abstract The Earth surface contains various oxic and
anoxic environments. The later include natural wetlands,
river and lake sediments, paddy field soils and landfills. In
the last few decades, the biogeochemical cycle of carbon in
anoxic environments, which leads to the production and
emission of methane, a potent greenhouse gas in the
atmosphere, has drawn great attentions from both scientific
and public sectors. New organisms and mechanisms
involved in methanogenesis and carbon cycling have been
uncovered. Interspecies electron transfer is considered as a
crucial step in methanogenesis in anoxic environments.
Electron-carrying mediators, like H, and formate, are
known to play the key role in electron transfer. Recently, it
has been found that in addition to the conventional electron
transfer via chemical mediators, direct interspecies electron
transfer (DIET) can occur. In this Review, we describe the
ecology and biogeochemistry of methanogenesis and
highlight the effect of microbe-mineral interaction on
microbial syntrophy. Recent advances in the study of DIET
may pave the way towards a mechanistic understanding of
methanogenesis and the influence of microbe-mineral
interaction on this process.
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1 Introduction

Anoxic environments are widespread on Earth. Wetlands
are poorly drained areas subjecting to permanent or peri-
odic waterlogging. Though occupying about 3% of the
terrestrial surface of Earth, wetlands retain significant
amounts of CO,-derived carbon in a recalcitrant form,
amounting proximately 30% of the terrestrial reserve of
carbon (Drake et al. 2009). Paddy fields occupy about 162
million hectares of the land, that is no more than 10% of
the world arable lands but provides the staple food for
nearly a half of the world populations (Haefele et al. 2014).
Lakes, rivers and streams sculpt the terrestrial surface,
forming aquatic networks like ecological arteries flowing
through the continental landscape. They are vital resources
for all life on this planet.

Plants and algae in anoxic habitats bloom in summer
leaving deposit of huge amounts of organic materials. The
plant-derived organic polymers are mineralized to CO,
under oxic conditions. But under anoxic conditions, a
complex microbial assemblage consisting of hydrolytic,
fermenting, homoacetogenic, syntrophic, and methano-
genic microorganisms are involved in the anaerobic
decomposition of organic polymers. A series of interme-
diate byproducts comprising various short-chain fatty acids
and alcohols are produced during the fermentation (Rui
et al. 2009). Many of these intermediate products are
chemically more reduced than the original form of organic
polymer carbon. When the oxidants like nitrate, sulfate and
ferric iron are present, the products are used as electron
donors for anaerobic respirations. But in the absence of
these oxidants, methanogenesis occurs producing CH,4 as
the final product. Methanogenesis is the key step of bio-
geochemical C cycling in anoxic environments. An
unwanted result of C cycling in these habitats is the
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emission of methane, a potent greenhouse gas next to CO,
in the atmosphere (Conrad 2009).

A sophisticated interspecies electron-transfer (IET)
network is involved in methanogenesis and H, and formate
serve as the electron-transferring mediators. Very recently,
however, direct interspecies electron transfer (DIET) in
anaerobic microbes has been uncovered (Summers et al.
2010; Shrestha et al. 2013). The DIET activity among
Geobacter species might not be very surprising as these
organisms have been known to channel electrons outside
cells for anaerobic respiration using insoluble ferric iron as
electron acceptor. But it was not without surprising that
DIET occurred in methanogenesis (Rotaru et al. 2014),
because unlike Geobacter spp. methanogens were not
known to possess the capability of extracellular respiration.
DIET can take two forms. First, DIET is mediated by the
biologically generated appendages like pili and molecular
complexes like outer-membrane c-type cytochromes. Sec-
ond, DIET can be mediated by the naturally-occurring or
artificially supplemented conductive materials. These
materials include magnetite, pyrite, black carbon and
manufactured carbon nanotubes (CNTSs). In this review, we
will report the syntrophic methanogenesis in paddy field
soils and lake sediments with a specific emphasis on the
stimulation of microbial syntrophy by the electric-con-
ductive mineral magnetite and the artificial nanomaterial
CNTs (Li et al. 2015; Zhang and Lu 2016). These studies
suggest the occurring of DIET in methanogenesis in the
natural anoxic habitats.

2 Methanogenesis in paddy field soil

Root and straw residues are the major source of organic
matter in paddy field soils. It was estimated that annual
input of organic matter into paddy field ranged from 1700
to 3470 kg ha_l, and over 65% of them were derived from
the plant residues (Kimura et al. 2004). Plant polymers are
composed of cellulose, hemicellulose and lignin. The rate
of decomposition depends on the type of residue, the
chemical components, the temperature and other factors.
Based on the formation of Hy, fatty acids and the activities
of polysaccharolytic enzymes, five stages were proposed
for the decomposition of plant residues, i.e. the production
and consumption of reducing sugars, the production and
consumption of H, and fatty acids, and the production of
CH, (Glissmann and Conrad 2000). Butyrate is identified
as an important intermediate product next to acetate and
propionate during the anaerobic decomposition of plant
residues (Rui et al. 2009). Molecular analysis using the
DNA-based stable isotope probing (SIP) showed that the
active organisms involved in the syntrophic oxidation of
butyrate in paddy soil included Syntrophomonas spp. and
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methanogens Methanosarcina and Methanocella (Liu et al.
2011). However, the mechanism of syntrophic interaction
in butyrate oxidation, and particularly the influence of
environmental factors on this process remains poorly
understood.

Recently, the effect of iron mineral, specifically mag-
netite nanoparticles, on the syntrophic oxidation of butyrate
in a methanogenic enrichment of rice soil has been inves-
tigated using multiple approaches including molecular,
isotopic and chemical analyses (Li et al. 2015). The soil
used represents the typical paddy field in southern China
where rice has been cultivated for thousands of years.
Though the use of enrichment can be viewed as a serious
compromise to in situ conditions, such treatment does not
affect the capacity of the soil to produce CH, from syn-
trophic oxidation of butyrate.

The addition of magnetite nanoparticles (nanoFe;O,4)
significantly accelerated syntrophic production of CHyu
from butyrate oxidation and this stimulating effect retained
throughout continuous transfers of the enrichment. Fur-
thermore, the stimulatory effect increased with the increase
of nanoFe;0, concentration and the effect retained when
nanoFe;0, was replaced by graphite nanoparticles (Fig. 1).
However, silica coating of the nanoFe;0, particles, which
was believed to insulate the capacity of electric conduc-
tivity, dismissed the effect. The analysis of microbial
community by DNA-based stable isotope probing revealed
that the bacterial lineages Syntrophomonadaceae and
Geobacteraceae, and the archaeal lineages Methanosarci-
naceae, Methanocellales and Methanobacteriales were
involved in the syntrophic oxidation of butyrate and pro-
duction of CH;. Among them, the growth of Geobacter
spp. strictly relied on the presence of nanoFe;O, and its
electrical conductivity in particular. Other organisms
except Methanobacteriales were present in enrichments
regardless of nanoFe;O, amendment. Scanning electron
micrography showed that the nanoparticles attached on
microbial cell surfaces and cells of different morphologies
were associated together and connected via the nanoFe;Oy4
particles.

It is noteworthy that Geobacter spp. were present in this
enrichment and their activity was closely linked to the
presence of nanoFe;O, that stimulated the methanogenic
syntrophy. Geobacter spp. are known as iron-respiring
bacteria and they are distributed widespread in anoxic
habitats (Lovley and Phillips 1986). But these organisms
are not known for syntrophic oxidation of butyrate. How-
ever, it has been documented recently that Geobacter spp.
perform DIET either directly (Summers et al. 2010; Morita
et al. 2011; Shrestha et al. 2013; Rotaru et al. 2014) or
using conductive materials resulting in cooperative meta-
bolism (Kato et al. 2012a; Liu et al. 2012). An earlier study
indicated that Geobacter spp. were involved in syntrophic
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Fig. 1 The production of CH, in paddy soil enrichment was
significantly accelerated in the presence of nanoFe;O, either of 30
or 400 nm size. The stimulating effect was evident when nanoFe;O,4
was replaced by graphite, but was completely dismissed if nanoFe;O,4
was coated with silica (Fe;0,@Si0,) that insulated its electric
conductivity (Li et al. 2015)

production of CH,4 from ethanol and acetate in paddy soil
in the presence of conductive iron minerals (Kato et al.
2012b). In line with these findings, it was probable that
Geobacter spp. played the important role in the syntrophic
oxidation of butyrate and production of CH, via DIET
activity that was facilitated by conductive iron minerals.

3 Methanogenesis in lake sediment

It has been demonstrated that the biogeochemistry and
function of lakes are greatly influenced by anthropogenic
activities. A recent study compared the activity of
methanogenesis in sediment between an urban pond and a
natural lake with the attempt to assess the long-term
anthropogenic effect (Zhang and Lu 2016). The effect of
nanoFe3;0,4 and carbon nanotubes on the methanogenic
syntrophy was also evaluated. Enrichment cultivation was
conducted to simplify the microbial ecosystem and prevent

from the interference of the complicated biological and
environmental interactions.

The molecular analysis of microbial community
revealed that the microbial composition was still compli-
cated after continuous cultivation and was more diverse in
the enrichment of natural lake sediment than the urban
pond. The bacterial and archaeal populations in the urban
pond enrichment consisted mainly of the bacterial Syn-
trophomonas and Desulfovibrio and the archaeal Metha-
nosarcina and Methanomicrobia. Those of natural lake
enrichment comprised the bacterial lineages of Syn-
trophomonas, Sulfurospirillum, Paenibacillus, and the ar-
chaeal lineages of Methanoregula,
Methanospirillum, Methanosaeta, respectively. Albeit the
difference in composition and complexity of microbial
communities, the rate of CH, production did not show
significant difference between two lake enrichments
(Fig. 2), indicating that under enrichment conditions the
microbial guilds of different origins could function
similarly.

In consistence with the observation in paddy field soil
enrichment, the addition of nanoFe;O, substantially facil-
itated the syntrophic production of CH, from butyrate
oxidation in the lake sediment enrichments. Interestingly,
the addition of CNTs, a chemically-stable artificial nano-
material with high electric conductivity, displayed a similar
stimulatory effect. This study suggested that the electric
conductivity of the added nanoparticles played the key role
in facilitating the syntrophic oxidation of butyrate.

Microbial aggregation was evident in the sediment
enrichments (Fig. 3). It has been suggested that the for-
mation of microbial aggregates increases the efficiency of
interspecies Ho/formate transfer due to the reduction of
cell-to-cell distance (Stams and Plugge 2009). However,
the spatial architectures of microbial aggregation were
substantially interrupted in the presence of nanoFe;O, or
CNTs nanoparticles (Figs. 3, 4). The consensus of FISH
images showed that in the absence of nanomaterials the
bacterial and archaeal cells were packaged closely with the
bacterial cells forming the dense core and archaeal cells
allocating peripherally. But in the presence of nanoFe;0,
or CNTs, the bacterial and archaeal cells were more sep-
arated. Resultantly, the microbial aggregates displayed a
larger cell-to-cell distance on the average in the presence
than in the absence of nanoparticles. If the intercellular
distance were the key factor determining the syntrophic
efficiency, a lower rate of CH, production would have been
expected in the presence of nanoparticles. The discrepancy
between the rate of CH, production (Fig.2) and the
microbial aggregate configuration (Figs. 3, 4) suggest that
mechanisms other than the interspecies H, transfer must
play a role.

Methanosarcina,
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Fig. 2 The production of CHy
in sediment enrichments of an
urban pond (a, b) and a natural
lake (¢, d) was significantly
accelerated in the presence of
nanoFe;0, (Zhang and Lu
2016)

Fig. 3 The FISH images
showed the formation of
microbial aggregates in the
enrichments of an urban pond
(WML) and a natural lake
(EHL). The bacterial (in red)
and archaeal (in green) cells
were closely packed in the
absence of nanomaterials (a,
b; CK) whereas the
architectures of microbial
aggregates were interrupted in
the presence of nanoFe;0, (c,
d) or CNTs (e, f). The dark
areas in ¢, d, e, f indicated the
nanomaterials of nanoFe;O4 and
CNTs, respectively (Zhang and
Lu 2016)
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Fig. 4 The distinct
architectures of microbial
aggregation were more evident
in scanning electron
micrographs. a, b showed that
the cells were densely packaged
in the absence of nanomaterials
(CK) while microbial
aggregations were interrupted to
a certain extent due to the
presence of nanoFe;Oy (c,

d) and CNTs (e, f) (Zhang and
Lu 2016)

Considering that nanoFe;0, and CNTs caused similar
stimulating effects while except the common property in
electric conductivity, two materials differ greatly in phy-
sico-chemical properties, it was plausible to assume that
the electric conductivity of nanomaterials supported the
syntrophic oxidation of butyrate. Moreover, both FISH and
scanning electron microscopy (Fig. 4) indicated the for-
mation of cell-nanomaterial-cell networking that could
provide the physical basis for DIET activity. The discrep-
ancy between cell-to-cell distance and the syntrophic
activity has also been used to explain the involvement of
DIET in the anaerobic oxidation of CH, in ocean sediments
(McGlynn et al. 2015). Theoretical calculation suggested
that the electron transfer rate among the syntrophic partners
via direct electric conduction was substantially higher (10°
times) than via interspecies H, diffusion (Viggi et al.
2014). Thus, it might be hypothesized that albeit the

absence of Geobacter spp. in the lake sediment enrich-
ments the syntrophic methanogenesis was facilitated by
activating DIET in the presence of conductive nanomate-
rials. Nanomaterials could be either naturally occurring or
artificially supplemented.

4 Conclusive remarks

Methanogenesis is the core machinery for biogeochemical
C cycling in anoxic habitats. The influence of environ-
mental factors on this process remains largely unexplored.
Here we discussed the possible involvement of DIET in
methanogenesis and the facilitation of this activity by
electric-conductive mineral and artificial nanomaterials.
DIET has been uncovered very recently as an important
mechanism for microbial interactions in environment.
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Based on the origin of mediators, DIET can be categorized
into two forms, DIET of biological origin, which employs
biological structure or molecules for electron transfer, and
DIET of environmental origin, which utilizes electric-
conductive materials in environment. The DIET of bio-
logical origin has been a focus of recent studies, especially
using the defined co-cultures with Geobacter spp. (Lovley
2012; Kouzuma et al. 2015). However, DIET of environ-
ment origin has been less investigated. DIET of environ-
ment origin shall confer an ecological advantage to
microbes due to the reduction in cost for biosynthesis of
molecular conduits (Kato et al. 2012a; Li et al. 2015).
Furthermore, biological mediators are probably not ubig-
uitous among microbes, while the conductive-semicon-
ductive minerals are widespread in nature. Additional
studies shall shed light on the significance of DIET of
environment origin in methanogenesis and C cycling in
various environments.

Acknowledgements This study was partly supported by the National
Natural Science Foundation of China (41630857) and the National
Basic Research Program of China (2016YFD0200306).

References

Conrad R (2009) The global methane cycle: recent advances in
understanding the microbial processes involved. Environ Micro-
biol Rep 1(5):285-292

Drake HL, Horn MA, Wust PK (2009) Intermediary ecosystem
metabolism as a main driver of methanogenesis in acidic wetland
soil. Environ Microbiol Rep 1(5):307-318

Glissmann K, Conrad R (2000) Fermentation pattern of methanogenic
degradation of rice straw in anoxic paddy soil. FEMS Microbiol
Ecol 31(2):117-126

Haefele SM, Nelson A, Hijmans RJ (2014) Soil quality and
constraints in  global rice  production. = Geoderma
235-236:250-259

Kato S, Hashimoto K, Watanabe K (2012a) Microbial interspecies
electron transfer via electric currents through conductive min-
erals. Proc Natl Acad Sci USA 109:10042-10046

Kato S, Hashimoto K, Watanabe K (2012b) Methanogenesis facil-
itated by electric syntrophy via (semi)conductive iron-oxide
minerals. Environ Microbiol 14(7):1646—1654

Kimura M, Murase J, Lu Y (2004) Carbon cycling in rice field
ecosystems in the context of input, decomposition and translo-
cation of organic materials and the fates of their end products
(CO, and CH,). Soil Biol Biochem 36(9):1399-1416

@ Springer

Kouzuma A, Kato S, Watanabe K (2015) Microbial interspecies
interactions: recent findings in syntrophic consortia. Front
Microbiol 6:477. doi:10.3389/fmict.2015.00477

Li H, Chang J, Liu P, Fu L, Ding D, Lu Y (2015) Direct interspecies
electron transfer accelerates syntrophic oxidation of butyrate in
paddy soil enrichments. Environ Microbiol 17(5):1533-1547

Liu P, Qiu Q, Lu Y (2011) Syntrophomonadaceae-aftiliated species as
active butyrate-utilizing syntrophs in paddy field soil. Appl
Environ Microbiol 77(11):3884-3887

Liu F, Rotaru AE, Shrestha PM, Malvankar NS, Nevin KP, Lovley
DR (2012) Promoting direct interspecies electron transfer with
activated carbon. Energy Environ Sci 5(10):8982-8989

Lovley DR (2012) Electromicrobiology. Annu Rev Microbiol
66:391-409

Lovley DR, Phillips EJ (1986) Availability of ferric iron for microbial
reduction in bottom sediments of the freshwater tidal potomac
river. Appl Environ Microbiol 52(4):751-757

McGlynn SE, Chadwick GL, Kempes CP, Orphan VJ (2015) Single
cell activity reveals direct electron transfer in methanotrophic
consortia. Nature 526(7574):531

Morita M, Malvankar NS, Franks AE, Summers ZM, Giloteaux L,
Rotaru AE, Rotaru C, Lovley DR (2011) Potential for direct
interspecies electron transfer in methanogenic wastewater
digester aggregates. MBio 2(4):e00159. doi:10.1128/mBio.
00159-11

Rotaru AE, Shrestha PM, Liu F, Markovaite B, Chen S, Nevin KP,
Lovley DR (2014) Direct interspecies electron transfer between
Geobacter metallireducens and Methanosarcina barkeri. Appl
Environ Microbiol 80(15):4599-4605

Rui J, Peng J, Lu Y (2009) Succession of bacterial populations during
plant residue decomposition in rice field soil. Appl Environ
Microbiol 75(14):4879-4886

Shrestha PM, Rotaru AE, Aklujkar M, Liu F, Shrestha M, Summers
ZM, Malvankar N, Flores DC, Lovley DR (2013) Syntrophic
growth with direct interspecies electron transfer as the primary
mechanism for energy exchange. Environ Microbiol Rep
5(6):904-910

Stams AJM, Plugge CM (2009) Electron transfer in syntrophic
communities of anaerobic bacteria and archaea. Nat Rev
Microbiol 7(8):568-577

Summers ZM, Fogarty HE, Leang C, Franks AE, Malvankar NS,
Lovley DR (2010) Direct exchange of electrons within aggre-
gates of an evolved syntrophic coculture of anaerobic bacteria.
Science 330(6009):1413-1415

Viggi CC, Rossetti S, Fazi S, Paiano P, Majone M, Aulenta F (2014)
Magnetite particles triggering a faster and more robust syn-
trophic pathway of methanogenic propionate degradation. Envi-
ron Sci Technol 48(13):7536-7543

Zhang J, Lu Y (2016) Conductive Fe;O4 nanoparticles accelerate
syntrophic methane production from butyrate oxidation in two
different lake sediments. Front Microbiol 7:1316




<<
  /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 false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.01667
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.03333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2250
  /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 (sRGB IEC61966-2.1)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


		2017-10-24T09:29:47+0530
	Preflight Ticket Signature




