Biodegradation (2011) 22:309-320
DOI 10.1007/s10532-010-9400-x

ORIGINAL PAPER

Effect of nitrogen source on methanol oxidation and genetic
diversity of methylotrophic mixed cultures enriched

from pulp and paper mill biofilms

Callie W. Babbitt - Angela S. Lindner

Received: 11 April 2010/ Accepted: 3 August 2010/ Published online: 20 August 2010

© Springer Science+Business Media B.V. 2010

Abstract Methanol-oxidizing bacteria may play an
important role in the development and use of biolog-
ical treatment systems for the removal of methanol
from industrial effluents. Optimization of methanol
degradation potential in such systems is contingent on
availability of nutrients, such as nitrogen, in the most
favorable form and concentration. To that end, this
study examined the variation in growth, methanol
degradation, and bacterial diversity of two mixed
methylotrophic cultures that were provided nitrogen
either as ammonium or nitrate and in three different
concentrations. Methanol-degrading cultures were
enriched from biofilms sampled at a pulp and paper
mill and grown in liquid batch culture with methanol
as the only carbon source and either ammonium or
nitrate as the only added nitrogen source. Results
indicate that growth and methanol removal of the
mixed cultures increase directly with increased nitro-
gen, added in either form. However, methanol
removal and bacterial diversity, as observed by
polymerase chain reaction-denaturing gradient gel
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electrophoresis (PCR-DGGE) methods, were higher
when using nitrate as the nitrogen source for enrich-
ment and growth, rather than ammonium. Based on
results described here, nitrate may potentially be a
better nitrogen source when enriching or working with
mixed methylotrophic cultures, and possibly more
effective when used as a nutrient addition to biofilters.
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Introduction

Methylotrophic bacteria are ubiquitous in aquatic and
terrestrial environments and play an important role in
the carbon cycle due to their ability to oxidize
methane, methanol, and other reduced carbon sub-
strates. Many previous studies have focused on
methanotrophs, a functional group of methylotrophs
able to utilize methane as their sole carbon source and
to cometabolize toxic hydrocarbons. However, less
attention has been given to the potential use of
methylotrophs for biological control of methanol, a
common pollutant in aqueous or gaseous industrial
effluents. For example, the paper and allied products
industry is a major contributor of methanol emissions,
which are produced during wood pulping and released
to the air and discharged in the mill wastewater
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(Someshwar and Pinkerton 1992). In 2007, over 70%
of the methanol emissions in the United States
(approximately 10.8 million pounds) were released
from paper and wood products companies (US. EPA,
2007). While most pulp and paper mills comply with
regulations to control these methanol emissions by
incinerating the methanol in thermal oxidation sys-
tems (Varma 2003), environmental and economic
advantages can be achieved by using a biological
treatment system that takes advantage of the natural
degradation potential of the diverse bacteria classified
as methylotrophs (Babbitt et al. 2009a, 2009b).

One type of biological system proposed for the
pulp and paper industry is a bacterial biofilter, a
stationary packed bed containing active microbial
consortia capable of degrading contaminants of
interest under the conditions expected to be present
in the treatment train, including specific pH, temper-
ature, and substrate concentration values (Devinny
et al. 1999). When considering biofiltration of
gaseous methanol from a pulp and paper mill, using
an inoculum of mixed methylotrophic bacterial
cultures enriched from samples obtained from the
mill has been demonstrated to influence the ultimate
community structure and stability of bacteria colo-
nizing an activated carbon biofilter (Babbitt et al.
2009a). An important criterion that has not been fully
resolved is the importance of the form and concen-
tration of the nitrogen source used in enriching for
methylotrophs or supporting their growth and activity
in liquid culture or in biofiltration applications. The
intermittent addition of nitrogen in a mineral salts
mixture has been demonstrated to improve the
capacity of biofilters in removing ethanol (Teran
Perez et al. 2002) and toluene (Prado et al. 2002).
Addition of greater concentration of nutrients appears
to be most important when the biofilter is subjected to
high contaminant loading rates (Gribbins and Loehr
1998). When comparing nitrogen added as either
nitrate or ammonium, Yang et al. (2002) demon-
strated that ammonium use resulted in higher meth-
anol elimination capacities in a biofilter but that, at
high nitrogen-to-carbon ratios, the ammonium could
also inhibit methanol removal. The added nitrate did
not show this inhibitory effect (Yang et al. 2002).
Despite the benefit of these studies, it is still unclear
how the type and concentration of nitrogen used
directly affects the methanol degradation potential of
mixed methylotrophic cultures.
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Furthermore, extensive work has been conducted
to optimize nutrients, growth factors, trace elements,
and substrate concentrations for methanotrophs in
batch cultures (Bowman and Sayler 1994; Park et al.
1992, 1991), but less specific attention has been
focused on enrichment of the more general group of
methylotrophs. For example, use of specific nutrient
sources, particularly nitrate or ammonium as a
nitrogen source, is not consistently reported in studies
involving methylotrophs. In part, this inconsistency
appears to be due to early work showing better
growth of methanotrophic bacteria when using nitrate
(Whittenbury et al. 1970), which has been more
recently been associated with the possibility that
ammonium inhibits methane oxidation in these
bacteria (Boiesen et al. 1993; De Visscher and Van
Cleemput 2003; Higgins et al. 1991). Therefore,
some recommendations for growth of restricted or
facultative methylotrophic bacteria follow those for
methanotrophs (e.g., use of nitrate as nitrogen source)
(Hanson 1998), whereas other studies report use of
ammonium as the nitrogen source, in varied concen-
trations (Patt et al. 1974, El-Nawawy et al. 1990).
The effect of form and concentration of nitrogen on
methanol degradation potential of methylotrophs is
not clearly understood, nor are the effects on
population diversity and stability. Selection, enrich-
ment, and use of an appropriate inoculum for
biological treatment systems, such as bacterial bio-
filters, may be greatly improved with additional
knowledge of optimum nitrogen requirements and
concentrations. As an initial step towards this goal,
this paper reports the effect of the form and
concentration of nitrogen in batch enrichment cul-
tures on the growth, methanol removal potential, and
genetic diversity of mixed methylotrophic cultures
enriched from biofilm samples taken from a Kraft
pulp mill.

Methods
Sample collection

To study the effect of nitrogen source and concentra-
tion on methylotrophic cultures potentially used as
biofilter inoculum, sampling and analysis were
focused on biofilms and other biological cultures
obtained directly from a pulp mill environment. These
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samples were collected from a pulp and paperboard
company located in the Southeast that operates a
biological wastewater treatment system. Seven grab
samples of biofilms were collected during June 2004
from locations believed by mill staff to be represen-
tative of methanol-degrading consortia or having a
high number of bacteria present. Samples were stored
on ice in sterilized Teflon collection vessels until they
could be processed in the lab or stored over a longer
term at 4°C. Initial culture-dependent growth and
isolation techniques demonstrated that two of the
seven samples may be good candidates for inocula in a
methanol treatment system, based on their rapid
growth rates, methanol degradation rates, and mor-
phologically diverse, culturable communities (deter-
mined by identification of visibly distinct colonies on
agar plates; data not shown). These samples, “SA”
and “SB,” are described as follows. The SA biofilm
was obtained directly from the vent tubes of a pure
oxygen activated sludge “UNOX” (Union Carbide
Ocxidation) reactor, where mill staff estimated the
conditions to include temperatures between 32 and
36°C, methanol concentrations between 1,000 and
5,000 mg/1, and nitrogen as ammonium in concentra-
tions between 20 and 140 mg/l (ammonium is added
to the reactor intermittently to improve performance).
The SB biofilm was collected from the return
activated sludge system, with conditions reported by
mill staff to include ambient outdoor temperatures
(26-30°C), and low methanol (<10-100 mg/l)
concentrations.

Enrichment for methylotrophic bacteria

Homogenized subsamples (10 ml each) from SA and
SB were first mixed with 90 ml of sterile phosphate-
buffered saline (PBS; 137 mM NaCl; 2.7 mM KCI;
4.3 mM Na,HPOy; 1.4 mM KH,PO,4; pH 7.3) for 1 h
on a rotary shaker at 30°C at 250 rpm. This mixture
was used to inoculate batch cultures in both modified
nitrate mineral salts (NMS) and ammonium mineral
salts (AMS) media, containing 0.2% methanol
(vol/vol) as recommended by Hanson (1998). The
basal medium (without nitrogen) contained, on a g/l
basis: MgSO4*7H,0, 1.0; CaCl,, 0.2; KH,POy,
0.026; Na,HPO,, 0.033. Trace elements were added,
on a mg/l basis: FeSO,*7H,0, 0.5; ZnSO4*H,0, 0.4;
EDTA disodium salt, 0.25; CoCl,*6H,0, 0.05;
MnCl,*4H,0, 0.02; H3BOs;, 0.015; NiCl,*6H,0,

0.01; Na,MoO,*4H,0, 0.005; and FeEDTA, 0.0038.
Vitamins were added, on a mg/l basis: biotin,
0.02; folic acid, 0.02; thiamin*HCI, 0.05; calcium
pantothenate, 0.05; riboflavin, 0.05; nicotinamide,
0.05; and B12, 0.001. The nitrogen source was added
to the medium as nitrate (1.0 g/l KNO3) or ammonium
(0.5 g/l NH4Cl). All chemicals used were obtained
from Fisher Scientific (Pittsburgh, PA, USA) or
Sigma—Aldrich (St. Louis, MO, USA) and were of
the highest purity available. The cultures were main-
tained in a 1:10 volume ratio of inoculum to medium to
a total volume of 55 ml in 250 ml Erlenmeyer flasks at
30°C on a rotary shaker at 250 rpm. Initial enrichment
cultures were incubated for one month, while subse-
quent transfers to fresh medium were made twice, with
a two-week period between transfers.

Comparison of growth and methanol degradation
using two types of nitrogen source

To compare methanol degradation by batch mixed
methylotrophic cultures with two potential nitrogen
sources, a factorial (32) design was used (Ott and
Longnecker 2001). This design included either nitrate
added as KNOj at levels of 0, 1.0, and 2.0 g/l or
ammonium added as NH,Cl at levels of 0, 0.5,
and 1.0 g/ (these levels correspond to 0, 0.13, and
0.26 g N/1), and methanol added at 10, 100, and
1000 mg/l in the liquid phase. These nitrogen levels
reflect common ranges that may be used in batch or
biofilter applications (Yang et al. 2002; Gribbins and
Loehr 1998). Concentrations of 0 g N/l were also
included to assess whether the cultures could degrade
methanol with only soluble cell nitrogen or atmo-
spheric N, present, as such a condition might be
expected if nutrients become exhausted in a biofilter
or batch culture.

The last transfer of the enrichment cultures was
made to a 2400 ml flask, in which 500 ml of the
culture was grown to % log phase, harvested by
centrifugation in a J2-HS Beckman floor model
centrifuge (Beckman Coulter, Inc., Fullerton, CA,
USA), then twice washed with PBS and recentrifuged
to remove residual nitrogen and methanol. Cells were
resuspended in the appropriate mineral salts medium
with no added nitrogen to obtain an optical density of
0.1 at 600 nm. For each combination of nitrogen and
carbon concentrations, a master mixture of cells and
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medium in a 1:10 ratio was prepared. Liquid
methanol was added to the mixture to the desired
concentration, and 4 ml from each master mixture
was aliquoted into 20 ml glass vials and sealed with
crimp top Teflon-lined septa. Three replicate cultures
were prepared for each of the nine nitrogen and
methanol combinations. Control vials were prepared
with killed cells and with no cells, to account for any
methanol that might be removed by physical adsorp-
tion to the cells or volatilized during the handling and
analysis process. The cultures were incubated for
48 h on a rotary shaker at 250 rpm and 30°C. Every
4-6 h during this incubation, growth was assayed by
optical density using a spectrophotometer at 600 nm.
At 48 h, the cells were pelleted using the floor
centrifuge, and 2 ml of the liquid supernatant were
collected and analyzed for final methanol concentra-
tion. Aqueous methanol concentrations were ana-
lyzed by GC/FID using a Clarus 500 (PerkinElmer,
Wellesley, MA, USA), with helium at 31.3 psig as the
carrier gas, and hydrogen and air at 45 ml/min
and 450 ml/min, respectively, as combustion gases.
Cyclohexanol was used as the internal standard.

Diversity of microbial populations in cultures
enriched with different nitrogen sources

To determine the genetic diversity of the bacterial
populations enriched from both samples with both
nitrogen sources, denaturing gradient gel electropho-
resis (DGGE) was performed using the polymerase
chain reaction (PCR)-amplified DNA extracted from
the enriched cultures and from the original biofilm
samples. Genomic DNA was extracted from enriched
cultures using UltraClean Microbial DNA kits (MO
BIO Laboratories, Carlsbad, CA, USA) and the
accompanying protocol for DNA extraction and
purification from microbial samples. In addition,
DNA was extracted from the original SA and SB
biofilm samples using UltraClean Soil DNA kits (MO
BIO Laboratories, Carlsbad, CA, USA) and the
accompanying protocol for DNA extraction.

The polymerase chain reaction (PCR) was used to
amplify specific DNA sequences found in expected
methylotrophic (methanol-oxidizing) populations. In
all known gram-negative methylotrophic bacteria,
methanol oxidation is catalyzed by the enzyme
methanol dehydrogenase (MDH), the large subunit
of which is encoded by the highly conserved
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functional gene mxaF (Barta and Hanson, 1993;
McDonald and Murrell, 1997). Therefore, mxaF-
specific primers 1003 (5'-3' GCC CGC CGC GCC
CCG CGC CCG TCC CGC CGC ccCC cGC cca
GCG GCA CCA ACT GGG GCT GGT), which
includes a 39-bp GC-clamp at the 5" end, and r1561
(5'-3' GGG CAG CAT GAA GGG CTC CC) were
used to detect methylotrophs as described by
McDonald and Murrell (1997) and McDonald et al.
(1995). A universal primer set for 16S rRNA was
used to compare results to the functional gene. The
16S rRNA sequences were amplified using primers
27 (5-3' CGC CCG CCG CGC GCG GGC GGG
GCG GGG GCA CGG GGG GAG AGT TTG ATC
MTG GCT CAG), which includes a 40-bp GC clamp
at the 5’ end, and r534 (5'-3' ATT ACC GCG GCT
GCT GO).

Initial PCR and DGGE conditions were based on
Henckel et al. (1999), Fjellbirkeland et al. (2001),
McDonald et al. (1995), and McDonald and Murrell
(1997), but optimized for this specific system and
primer set. The PCR reaction mixture was prepared in
0.2 m thin-walled PCR tubes and contained 1X
MgCl,-free PCR buffer, 1.5 mM MgCl,, 100 uM of
each dNTP,1U Tag polymerase (all from Invitrogen,
Carlsbad, CA, USA), 0.5 uM of each primer (Inte-
grated DNA Technologies, Inc, Coralville, IA,
USA.), 1-2 pl of template DNA (50-100 ng), and
sterile water to a final volume of 50 pl. Amplifica-
tions with mxaF primers were carried out using a
Mastercycler Personal 5332 thermocycler (Eppendorf
North America, Westbury, NY, USA) with the block
preheated to 92°C, using a reaction program of initial
denaturation at 92°C for 3 min, a total of 30 cycles of
denaturation (30 s at 92°C), annealing using a
touchdown program (30 s per cycle from 60 to
50°C at —0.5%cycle for the first 20 cycles and 50°C
for the last 10 cycles), and extension (45 s at 72°C),
and a final extension at 72°C for 4 mins. The same
reaction setup was used for the 16 s rRNA primers,
but with an annealing touchdown temperature profile
of the first 10 cycles from 55 to 50°C at —0.5°/cycle
and the last 20 cycles at 50°C. The touchdown
program was used because it increased yield and
number of bands observed on subsequent DGGE gels,
compared to a set annealing temperature. PCR
products were verified on a 1.2% agarose gel,
photographed, and their yield estimated using ImageJ
software (Rasband, 2006) calibrated with a low DNA
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marker (50-2,000 bp, BioNexus, Inc, Oakland, CA,
USA)).

DNA separation using DGGE

DNA fragments were separated using denaturing
gradient gel electrophoresis (DGGE) with a
16 x 16 cm, 1 mm thick gel containing 6% acryl-
amide, 1X TAE, and a linear gradient of 35-65%
denaturant (100% denaturant is equivalent to 7 M
urea and 40% formamide), cast for 90 min. Approx-
imately 500 ng of PCR product was mixed with 10-
20 pl of 2X gel loading dye (70% glycerol, 0.05%
Bromophenol Blue, 2 mM EDTA), loaded on the gel,
and electrophoresed at 60 degrees C for 5 h at 150 V
in 1X TAE, using a DCode Universal Mutation
Detection System Model 475 Gradient Delivery
System (Bio-Rad Laboratories, Hercules, CA,
USA). Gels were stained with 50 pg/ml ethidium
bromide in 1X TAE for 15 min and destained in 1X
TAE for 10 min. Bands were visualized and photo-
graphed using a Fisher Biotech Model 88A variable
UV intensity Transilluminator and DCode Doclt
software system (Bio-Rad Laboratories, Hercules,
CA, USA).

DGGE image analysis and diversity
measurements

The digitized gel images were analyzed using ImageJ
(Rasband 2006). The background was subtracted
using a rolling ball radius of 50. Bands in each lane
were automatically detected and plotted. Peak area
and relative intensity of each band was measured, and
bands contributing less than 1% to the total intensity
within one lane were omitted from subsequent
analysis.

Diversity in each sample was estimated using
measurements of species richness (S), diversity (H),
and evenness (E). S was determined by counting the
bands in each lane, with the assumption that a single
species would migrate to each unique location.
Shannon’s H (Hayek and Buzas 1996) was used as
a diversity index.

H = *Zpi In(p;)

where p; is the relative intensity of the ith band
compared to the total intensity of all bands in that

lane. E was calculated from Pielou’s evenness
(Hayek and Buzas 1996).

H

In(S)’

DNA sequencing and phylogenetic analysis

To further characterize the bacteria under both
nitrogen use profiles, selected bands from the mxaF
and 16 s rRNA DGGE gels were excised for sequenc-
ing. Bands were chosen from DNA that showed the
highest intensity when visualized on the UV transil-
luminator and were excised using a sterile pipet tip
and scalpel. The gel fragments were eluted overnight
at 30 degrees C at 250 rpm in 30 pl of an elution
buffer containing 10 mM Tris—Cl (pH 7.5), 50 mM
NaCl, and 1 mM EDTA (pH 8.0) (Chory and Pollard
1999). Gel fragments were removed, and DNA was
precipitated from the liquid by adding 50 pL of 95%
cold ethanol, chilling 30 min at —40°C, and pelleting
the DNA by centrifuging 10 min at 10,000 x g. After
pouring off the ethanol supernatant, the pellet was
dried at 40°C for 4-5 h and resuspended in 30 pl of
TE buffer (Chory and Pollard 1999). This template
was reamplified using the same methods as described
previously and checked on a DGGE gel for purity and
for migration to the same gradient position as in the
original sample. Sequencing was performed at the
University of Florida Interdisciplinary Center for
Biotechnology Research (ICBR) using the fluorescent
dideoxy terminator method of cycle sequencing on
either a Perkin Elmer Applied Biosystems Division
(PE/ABD) 373A or 377 automated DNA sequencer,
following ABD protocols, with consensus sequences
generated using the Sequencher Software from Gene
Codes. Sequences of partial mxaF and 16 s rRNA
gene fragments have been deposited in the GenBank
database. Fragments M1, M3, and M6 were identical
to bands sequenced from biofilter samples (Babbitt
et al. 2009a), which have previously been submitted
under accession numbers EU099402, EU099404, and
EU099407, respectively. For this study, mxaF frag-
ments M2, M4, and M5 were submitted under
accession numbers EU138867, EU138868, and EU
138869, respectively; and 16 s rRNA fragments
Ul-U7 were submitted under accession numbers
EU138870-EU138876, respectively.

Published sequences with high similarity to sam-
ple sequences were obtained by performing a
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nucleotide-nucleotide BLAST (NCBI) search. The 10
most similar sequences of known species with
E scores lower than 1E-20 were chosen for each
sample, with duplicates removed. Sequences were
aligned using ClustalW, with default gap penalties,
and manual inspection and refinement of alignments.
A phylogenetic tree was constructed using the
Neighbor Joining method and bootstrapped with
1,000 replicates. Because all known y-proteobacteria
clustered into a distinct branch, this group was
selected as the out-group. All phylogenetic and
molecular evolution analyses were conducted using
MEGA version 3.1 (Kumar et al. 2004).

Results and discussion
Comparison of growth and methanol degradation

The two pulp mill biofilm samples (SA and SB)
enriched using different nitrogen sources were com-
pared on the basis of methanol degradation under
different methanol and nitrogen concentrations. Both
samples, regardless of nitrogen source or concentra-
tion, showed 100% methanol removal after 48 h

when incubated with initial methanol concentrations
of 10 and 100 mg/l. Differences among the cultures
only became apparent when methanol was introduced
at concentrations of 1,000 mg/l. The percent of
methanol removed, based on an initial 1,000 mg/l
concentration, is shown in Fig. 1. For all cultures, the
percent of methanol removed from the liquid phase
increases with increasing nitrogen concentration. In
addition, for all cultures assessed in medium with
added nitrogen, a higher methanol removal was
achieved when nitrate served as the nitrogen source.
In fact, the SB culture enriched in NMS medium with
the highest concentration of nitrate (0.26 g N/I)
showed 100% removal. On the other hand, after
transfer to medium with no added nitrogen, both SA
cultures showed significantly higher methanol
removal than SB, regardless of the original enrich-
ment N-source.

A slightly different trend was observed when
comparing growth rate with an initial 1,000 mg/l
methanol concentration and varied nitrogen sources
and concentrations (Fig. 2). These results showed
that the mixed cultures grew almost equally as fast
from zero to 48 h with either ammonium or nitrate
present at the high (0.26 g N/I) or medium (0.13 g N/I)

100
OSA - NMS
901 lmsA-AvS
o | [DSB-NMS
7 SB - AMS I

HH

70 4

60 -

50

40

HH

30

Percent Methanol Removed (%)

20 |

NN
HH

—

Ay

0gNL

0.13 g N/L

0.26 g N/L

Nitrogen concentration in growth media

Fig. 1 Comparison of methanol removal by SA and SB cultures in both AMS and NMS medium with an initial methanol
concentration of 1,000 mg/l. Bars represent standard error from samples in triplicate
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Fig. 2 Comparison of batch growth rates in SA and SB cultures in both AMS and NMS medium with an initial methanol
concentration of 1,000 mg/l. Bars represent standard error from samples in triplicate

concentrations tested. Growth rate slightly increased
when NMS was used, but the trends were not as
dramatic as when comparing methanol removal.
However, the growth rate was significantly lower
when the cultures were grown with no added nitrogen
in either form (Fig. 2).

Diversity of microbial populations in cultures
enriched with different nitrogen sources

To expand growth and activity comparisons to the
community level of the enriched samples, DGGE was
used to separate DNA fragments amplified for
methylotrophs and all bacteria from the original
biofilm samples and their enrichments, as shown in
Fig. 3. Quantitative estimates of diversity, based on
banding patterns in the DGGE gels, are provided in
Table 1. Results obtained for methylotrophs and
universal bacteria were not compared directly,
because different primer sets can amplify entirely
different populations; however, both sets of results
were used for determining trends in the population
changes for the nitrogen sources used. The results in
Table 1 show consistent trends among the different
enrichment and molecular methods, except for the
methylotrophs enriched from SA, where regardless of

which nitrogen source was used, the diversity of this
type of bacteria dropped to zero, with potentially only
one dominant methylotrophic species present. When
considering methylotrophs in SB and all bacteria in
SA, species richness, diversity, and evenness gener-
ally showed a smaller decrease from the quantities
observed in the original biofilm culture to the levels
shown in the enriched culture. In all of these cases,
diversity metrics were greater for the mixed cultures
enriched using nitrate, as compared to ammonium, as
the nitrogen source. This result could potentially
correspond to the observation that cultures enriched
in nitrate also showed higher methanol removal.
The ability to enrich potential biofilter inocula
cultures to maximize growth and diversity may be a
beneficial tool for improving degradation potential
and reliability in biofiltration systems. Some studies
have shown correlations between degradation poten-
tial and diversity or density of microbial populations
colonizing a biofilter (Khammar et al. 2005). Fried-
rich et al. (2002) related efficient degradation
potential observed in a full-scale industrial biofilter
to high microbial diversity and the presence of pre-
adapted microorganisms that allowed the system to
respond to variable operating conditions. Others have
observed increasing bacterial diversity in biofilters,
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Fig. 3 DGGE analysis of
mxaF and 16 s rRNA gene
sequences. Bands marked
with a circle were excised
and sequenced, and all
marked bands on a vertical
gradient labeled by M
(methylotrophs) or U
(universal) were confirmed
as identical in sequence

Ml— o

M2—

M3— O — Q.
Md—

M5— ©

M6 oms

SA SA SA SB
Biofilm AMS NMS Biofilm AMS NMS

Table 1 Bacterial species, diversity, and evenness for SA and
SB cultures in AMS or NMS media

Sample Methylotrophs (mxaF)  Universal (16 s IRNA)
S H E S H E

SA 4 1.04 0.75 9 2.02 0.92

SA-AMS 1 0 0 3 1.06 0.96

SA-NMS 1 0 0 7 1.74 0.89

SB 5 1.56 0.97 10 2.09 0.91

SB-AMS 2 0.34 0.49 8 1.48 0.71

SB-NMS 6 1.39 0.78 9 1.90 0.87

Species richness is indicated by (§), diversity is indicated by
(H), and evenness is indicated by (E). AMS ammonium mineral
salts, NMS nitrate mineral salts

corresponding with acclimatization (Hu et al. 1999)
or increased pollutant concentration (Borin et al.
2006). With these findings in mind, one implication
of results discussed herein may be that nitrate is a
better nitrogen source for use in enriching and
maintaining robust mixed methylotrophic cultures
for use in biofilters or other applications. Further
study in this area can elucidate mechanisms by which
the nitrogen source may influence selection of hardy
strains during enrichment or lead to microbial
consortia with robust tolerance to elevated contam-
inant levels.
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(A) PCR-DGGE with mxaF-specific primers

O a—

(B) PCR-DGGE with universal 16s rRNA primers

Ul— ©
U2— © (o]
U3 8
4
USU [}
U6— ©
© —
foy—
U7—e O
SB SB SA SA  SA SB SB SB

Biofilm AMS NMS Biofilm AMS NMS

Phylogenetic analysis of dominant species

The genetic comparisons among the cultures were
expanded by selecting dominant species within each
culture and determining their mxa-F or 16 s rRNA
sequence and phylogenetic relationship to other
closely related known bacteria. All excised and
sequenced bands are denoted in Figs. 3a, b as
indicated by circles placed adjacent to sequenced
bands. The phylogenic relationships among the
species dominating the cultures in these experiments
and known bacteria are shown in Figs. 4 and 5.
Figure 4 shows the distribution of selected and
recovered dominant bands that were produced by
amplifying the functional gene for methanol dehydro-
genase. Bands from the six samples show similarity to
sequences found in the alpha-, beta-, and gamma-
proteobacteria. Dominant bands from the original SA
biofilm species are labeled as M 1, which appears closely
related to beta-proteobacteria Methylophilus methylot-
rophus, a ribulose monophosphate (RuMP) cycle
restricted facultative methylotroph; and M6, which
shows the greatest genetic similarity to a dominant
species from the SB biofilm (M5), and both are grouped
with other alpha-proteobacteria in the order Rhizobiales.
Interestingly, enriching SA in AMS or NMS
produced similar mxaF profiles that appear to be
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Fig. 4 Phylogenetic
reconstruction of known

Methylotrophs (mxa-F)

. . Band Dominant In

methylotrophic bacteria and L

. M1 SA-biofilm sample
unknown culture strains
using mxaF gene sequences M2 SB-AMS
(Bootstrap values represent M3  SA-AMS; SA-NMS; SB-NMS
1,000 replicates, and values M4 SA-AMS: SA-NMS; SB-NMS
greater than 75% are
shown) M5 SB-biofilm sample

M6 SA-biofilm sample
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Methylophilus methylotrophus
Methylobac illus flagellatus KT

98 Methylobacillus glycogenes

dominated by a single methylotroph, band M3, which
is not visible in the original culture, possibly because
its DNA was present in too small a concentration to
be amplified sufficiently for visualization in the
DGGE gel. Band M3 showed high sequence similar-
ity to one cluster within the genus Hyphomicrobium,
bacteria also classified as non-N, fixing, restrictive
facultative methylotrophs, but which use the serine
pathway and are members of the alpha-Proteobacteria
(Lidstrom 2006; Rainey et al. 1998). The community
shift observed when enriching SB in AMS or NMS
was not as consistent as with SA. M2, a strong band
from enrichments of SB in AMS, appeared to be

Methylomonas methanica

“—(:Methylococcus capsulatus
99 Methylocaldum sp E10a

closely related to a species within the genera of
Methylovorus, an RuMP pathway, restrictive faculta-
tive methylotrophs classified as beta-Proteobacteria
(Doronina et al. 2005). However, M3 was also
present for SB enriched in NMS, as was band M4,
which has a highly similar mxaF sequence. In these
cases, it may be that the ultimate genetic similarity of
strains colonizing enriched cultures was influenced
less by the form of nitrogen in the enriching media
and more by the presence of resilient Hyphomicro-
bium strains in the parent culture or by the inability of
other initial strains in SA and SB to grow in the
selected mineral salts media.
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Fig. 5 Phylogenetic
reconstruction of known

Universal (16s rRNA)
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Hyphomicrobium vulgare
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Hyphomicrobium aestuarii

98 | Hyphomicrobium zavarzinii
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,—US

As shown in Fig. 5, dominant bands obtained from
16 s rRNA of the samples also showed wide distri-
bution among the alpha-, beta-, and gamma-proteo-
bacteria and no consistent community structure under
either enrichment profile. The original SA biofilm
sample had three sequenced dominant bands: U3, U4,
and U7. Band U3 was most similar to three Pseudo-
monas species (gamma-Proteobacteria); band U4 was
grouped with a Bradyrhizobium species (alpha-Pro-
teobacteria); and band U7 was highly similar to

several Thiobacillus species (sulfur oxidizing

@ Springer

100 Pseudomonas multiresinivorans
%‘j[ Pseudomonas alcaligenes
96 L Pseudomonas stutzeri

chemolithoautotrophic ~ beta-Proteobacteria).  On
enrichment in AMS, one dominant band was shown,
U5, which was grouped with one cluster of the
Hyphomicrobium, a similar result to what was
observed when using mxaF primers. Although U5
also appeared to be present in the SA NMS enrich-
ment, that was not confirmed by sequencing. How-
ever, the dominant SA NMS bands were U2 and U6,
which were most similar in 16 s rRNA sequence to
methylotrophs found in the beta-Proteobacteria,
including serine cycle methylotrophs in the family
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Rhodocyclaceae and RuMP cycle methylotrophs in
the family Methylophilaceae, respectively. The
original SB biofilm sample was dominated by one
band, U7, which was also found in SA and described
above. SB enriched in AMS produced an intense
band, Ul, with a 16 s rRNA sequence similar to
several Methylobacillus species. SB enriched in NMS
produced multiple strong bands, although only one
was able to be recovered and sequenced, U2, which
was also found in SA-NMS and shown to be similar
to methylotrophic beta-Proteobacteria.

Conclusions

Results from this study illustrate that the type and
concentration of nitrogen source used when enriching
mixed methylotrophic cultures from samples removed
from a pulp mill influences the growth and methanol
degradation ability of these bacteria. Generally, cul-
tures enriched with nitrate showed faster growth and
higher methanol removal than those enriched with
ammonium. Higher concentrations of nitrogen in
either form also resulted in greater methanol removal
in all cases. The form of nitrogen used also affected the
diversity and community structure of the methylo-
trophic populations present in each of the final
cultures. Although the enrichment process did
decrease the overall diversity from the original sam-
ples, the cultures grown with nitrate as nitrogen source
resulted in a higher level of species number, diversity,
and evenness than those grown with ammonium.
Based on the results reported herein, nitrate may
potentially be a better nitrogen source when enriching
or working with methylotrophic cultures from pulp
and paper mills, and should be investigated further as a
nutrient addition to biofilters for more effective
methanol control from waste effluents.

Acknowledgments This study was supported by the
Department of Energy, Award Number: DE-FC36-031D14437.
The authors acknowledge and gratefully thank Adriana Pacheco,
Rebecca McLarty, Shweta Patole, Michael Friedlander,
Mauricio Arias, Greg Babbitt, and Jennifer Stokke (Unviersity
of Florida) for assistance in laboratory data collection and
sample analysis; Ashok Jain, Jim Stainfield, and Karen Mentz
(NCASI) for technical advisement and data analysis; and
Timothy McKelvey, Chet Thompson, Cecile Hance, and Myra
Carpenter (industry representatives) for assistance in collection
of biofilm and other process samples and process information.

References

Babbitt CW, Pacheco A, Lindner AS (2009a) Methanol
removal efficiency and bacterial diversity of an activated
carbon biofilter. Bioresour Technol 100:6207-6216

Babbitt CW, Stokke JM, Mazyck DW, Lindner AS (2009b)
Life cycle assessment of two treatment options for
methanol control at pulp and paper mills: a comparison of
photocatalytic oxidation and biofiltration to regenerative
thermal oxidation. J Chem Technol Biotechnol 84:
725-737

Barta TM, Hanson RS (1993) Genetics of methane and meth-
anol oxidation in Gram-negative methylotrophic bacteria.
Anton Leeuw Int J G 64:109-120

Boiesen A, Arvin E, Broholm K (1993) Efect of mineral
nutrients on the kinetics of methane utilization by met-
hanotrophs. Biodegradation 4:163-170

Borin S, Marzorati M, Brusetti L, Zilli M, Cherif H, Hassen A,
Converti A, Sorlini C, Daffonchio D (2006) Microbial
succession in a compost-packed biofilter treating benzene-
contaminated air. Biodegradation 17:79-89

Bowman JP, Sayler GS (1994) Maximization of Methylosinus
trichosporium OB3b soluble methane monooxygenase
production in batch culture. In: Hinchee RE, Alleman BC,
Hoeppel RE, Miller RN (eds) Hydrocarbon Bioremedia-
tion. Lewis Publishers, Boca Raton, pp 267-273

Chory J, Pollard JD (1999) Resolution and recovery of small
DNA fragments. In: Ausubel FM, Brent R, Kingston RE,
Moor DD, Seidman JG, Smith JA, Struhl K (eds) Current
Protocols in Molecular Biology. Wiley, Hoboken, New
Jersey, pp 2.7.1-2.7.8

De Visscher A, Van Cleemput O (2003) Induction of enhanced
CH4 oxidation in soils: NH4 + inhibition patterns. Soil
Biol Biochem 35:907-913

Devinny JS, Deshusses MA, Webster TS (1999) Biofiltration
for air pollution control. Lewis Publishers, Boca Raton,
FL

Doronina NV, Ivanova EG, Trotsenko YA (2005) Phylogenetic
position and emended description of the genus Methy-
lovorus. Int J Sys Evol Microbiol 55:903-906

El-Nawawy AS, Banat IM, Elrayes EG, Hamdan 1Y (1990)
Isolation and characterization of four methylotrophic
bacterial strains. J Basic Microbiol 5:321-331

Fjellbirkeland A, Torsvik V, Ovreas L (2001) Methanotrophic
diversity in an agricultural soil as evaluated by denaturing
gradient gel electrophoresis profiles of pmoA, mxaF and
16S rDNA sequences. Anton Van Leeuwen 79:209-217

Friedrich U, Prior K, Altendorf K, Lipski A (2002) High
bacterial diversity of a waste gas-degrading community in
an industrial biofilter as shown by a 16S rDNA clone
library. Environ Microbiol 4:721-734

Gribbins MJ, Loehr RC (1998) Effect of media nitrogen con-
centration on biofilter performance. J] Air Waste Manage
Assoc 48:216-226

Hanson RS (1998) Ecology of methylotrophic bacteria. In:
Burlage RS, Atlas R, Stahl D, Geesey G, Sayler G (eds)
Techniques in Microbial Ecology. Oxford University
Press, New York, pp 337-353

Hayek LC, Buzas MA (1996) Surveying natural populations.
Columbia University Press, New York

@ Springer



320

Biodegradation (2011) 22:309-320

Henckel T, Friedrich M, Conrad R (1999) Molecular analyses
of the methane-oxidizing microbial community in rice
field soil by targeting the genes of the 16S rRNA, par-
ticulate methane monooxygenase, and methanol dehy-
drogenase. Appl Environ Microbiol 65:1980-1990

Higgins 1J, Best DJ, Hammond RC, Scott D (1991) Methane-
oxidizing microorganisms. Microbiol Rev 45:556-590

Hu HY, Fujie K, Nakagome H, Urano K, Katayama A (1999)
Quantitative analyses of the change in microbial diversity
in a bioreactor for wastewater treatment based on respi-
ratory quinines. Water Res 33:3263-3270

Khammar N, Malhautier L, Degrange V, Lensi R, Godon JJ,
Fanlo JL (2005) Link between spatial structure of
microbial communities and degradation of a complex
mixture of volatile organic compounds in peat biofilters.
J Appl Microbiol 98:476-490

Kumar S, Tamura K, Nei M (2004) MEGA3: Integrated soft-
ware for molecular evolutionary genetics analysis and
sequence alignment. Brief Bioinform 5:150-163

Lidstrom ME (2006) Aerobic Methylotrophic Prokaryotes. In:
The Prokaryotes: An Evolving Electronic Resource for the
Microbiological Community, 3rd edition, release 3.7,
Dworkin M et al. eds, Springer-Verlag, New York, < http:/
link.springer-ny.com/link/service/books/10125/>Accessed
March 31, 2006

McDonald IR, Murrell JC (1997) The methanol dehydrogenase
structural gene mxaF and its use as a functional gene
probe for methanotrophs and methylotrophs. Appl Envi-
ron Microb 63:3218-3224

McDonald IR, Kenna EM, Murrell JC (1995) Detection of
methanotrophic bacteria in environmental samples with
the PCR. Appl Environ Microb 61:116-121

Ott RL, Longnecker MT (2001) An introduction to statistical
methods and data analysis, Sth edn. Duxbury Press,
Thomson Learning, Inc., Pacific Grove, CA

Park S, Hanna ML, Taylor RT, Droege MW (1991) Batch
cultivation of Methylosinus trichosporium OB3b. I: Pro-
duction of soluble methane monooxygenase. Biotechnol
Bioeng 38:423-433

Park S, Shah NN, Taylor RT, Droege MW (1992) Batch cul-
tivation of Methylosinus trichosporium OB3b. II:

@ Springer

Production of particulate methane monooxygenase. Bio-
technol Bioeng 38:423-433

Patt TE, Cole GC, Bland J, Hanson RS (1974) Isolation and
characterization of bacteria that grow on methane and
organic compounds as sole sources of carbon and energy.
J Bact 120:964-965

Prado OJ, Mendoza JA, Veiga MC, Kennes C (2002) Opti-
mization of nutrient supply in a downflow gas-phase
biofilter packed with an inert carrier. Appl Microbiol
Biotechnol 59:567-573

Rainey FA, Ward-Rainey N, Gliesche CG, Stackebrandt E
(1998) Phylogenetic analysis and intrageneric structure of
the genus Hyphomicrobium and the related genus Filo-
microbium. Int J Sys Bact 48:635-639

Rasband WS (2006) ImageJ, U. S. National Institutes of
Health, Bethesda, Maryland, USA, < http://rsb.info.nih.
gov/ij/>Accessed May 20, 2006

Someshwar A, Pinkerton J (1992) Wood processing industry.
In: Air Pollution Engineering Manual, Air and Waste
Management Association. Van Nostrand Reinhold, New
York, pp: 835-849

Teran-Perez W, Domenech F, Roger P, Christen P (2002)
Effect of mineral salts addition on the behaviour of an
ethanol biofilter. Environ Technol 23:981-988

U.S. Environmental Protection Agency (US. EPA) (2007)
Toxics Release Invetory (TRI). < www.epa.gov/tri>
Accessed June 20, 2009

Varma V K (2003) Experience with the collection, transport,
and burning of Kraft mill high volume low concentration
gases. Special Report No. 03-03. National Council for Air
and Stream Improvement NCASI Southern Regional
Center: Gainesville, FL

Whittenbury R, Phillips KC, Wilkinson JF (1970) Enrichment,
isolation and some properties of methane-utilizing bacte-
ria. J Gen Microbiol 61:205-218

Yang H, Minuth B, Allen DG (2002) Effects of nitrogen and
oxygen on biofilter performance. J Air Waste Manage
Assoc 52:279-286


http://link.springer-ny.com/link/service/books/10125/%3eAccessed
http://link.springer-ny.com/link/service/books/10125/%3eAccessed
http://rsb.info.nih.gov/ij/%3eAccessed
http://rsb.info.nih.gov/ij/%3eAccessed
http://www.epa.gov/tri%3eAccessed
http://www.epa.gov/tri%3eAccessed

	Effect of nitrogen source on methanol oxidation and genetic diversity of methylotrophic mixed cultures enriched from pulp and paper mill biofilms
	Abstract
	Introduction
	Methods
	Sample collection
	Enrichment for methylotrophic bacteria
	Comparison of growth and methanol degradation using two types of nitrogen source
	Diversity of microbial populations in cultures enriched with different nitrogen sources
	DNA separation using DGGE
	DGGE image analysis and diversity measurements
	DNA sequencing and phylogenetic analysis

	Results and discussion
	Comparison of growth and methanol degradation
	Diversity of microbial populations in cultures enriched with different nitrogen sources
	Phylogenetic analysis of dominant species

	Conclusions
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


