


The DGGE gel analysis of Figure 3.13 showed a total of 59 unique bands, but due to
bad separation in the lower most parts of the gel this number could have been higher.
Band richness (k), Shannon diversity index (H’) and the Evenness index (e’ /S) for
Reactor F and R2 are shown in Table 3.4.

Table 3.4: Diversity between Reactor F and R2.

Reactor Band richness (k): Shannon (H’): Evenness (e /S):
F 27.0£5.7 2.719£0.24 0.62 £ 0.06
R2 25.6 +£3.1 2.60 £ 0.12 0.53 £0.06

A non-metric multidimensional scaling plot was generated from the Bray-Curtis sim-
ilarity measures of the DGGE analysis results (Figure 3.14) illustrated that the samples
from before the change in salinity grouped together.
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Figure 3.14: NMMDS plot based on Bray-Curtis similarity measure of DGGE gel
analysis results. The samples are marked FX, and R2.X for the municipal waste water-
and Trondheim Fjord culture. Four distinct groups: Fiiare, Fend, B2stare and R2¢,4,
are marked with circles. The arrows between them illustrates the path of movement in
order of similarity as the communities changed due to a change in cultivation medium
salinity. Stress value: 0.127
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When the salinity of the cultivation mediums were swapped, a gradual change as a
function of time was observed. In Reactor F the movement was toward the mid-upper
part of the plot, while in Reactor R2 the movement was in the opposite direction towards
the mid-bottom part. The last four samples from both reactors seemed to cluster into
groups. A stress value of 0.127 indicated a reliable ordination.

The four clusters were named Fiigrt, Feng, R2start and R2.y,4, and form the basis for
the subsequent calculations. The average Bray-Curtis similarities were calculated within
and between the four groups Fstart, Fend, R2start and R2.,4. The average Bray-Curtis
similarity calculated within groups was high and ranged between 0.68 and 0.84 (Figure
3.15). The between group similarity was typically only !/3 of initial groups similarity
(ranging from 0.26 to 0.36).
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Figure 3.15: Average Bray-Curtis similarities within the four groups Fitart, Fend,

R244r+ and R2.,4. The average Bray-Curtis similarities between the groups is also
shown. The error bars corresponds to one standard deviation.

Band richness (k), Shannon diversity index (H’) and the evenness index (e’ /S of
the four groups Fitart, Fend, R2start and R2.,4 are shown in Table 3.5.

Table 3.5: Diversity between the groups Fsiart, Fend, B2start and R2q,,4.

Croup Band richness (k): Shannon (H’): Evenness (eI’ /S):

Farart 20 £ 2 2.50 + 0.10 0.63 + 0.08
Fond 30 +£2 2.95 & 0.01 0.63 & 0.05
R2tart 28 +£2 2.70 +0.10 0.52 + 0.05
R2und 24+3 2.50 +0.10 0.50 & 0.10
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When comparing the groups Fiiqrt and F,gq the band richness increased as a response
to a change in cultivation medium from a tap water to a sea water based medium (Table
3.5). The Shannon diversity index also increased, indicating a more equal distribution of
species after the change in salinity. There were no real differences between the evenness
values. The calculated band richness, Shannon diversity- and Evenness indices were
similar when comparing the groups R2gqt and R2¢y,4.

Figure 3.16 shows a comparison of Fgu¢ with F,g4, and the intermediate transient
samples in between the two groups. The similarities were calculated comparing average
Bray-Curtis similarities for Fg ¢ with the average Bray-Curtis similarities for the tran-
sient samples towards F.,q. Figure 3.17 shows the equivalent development during the
transient period for Reactor R2.
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Figure 3.16: Comparison of the average Bray-Curtis values for Fiiqr+ with the time
series towards F,q. The error bars correspond to one standard deviation.

The community change after the salinity switch from a 0 ppt to a 33 ppt salinity based
medium seemed to occur gradually over time. The difference between the comparisons
of Fypart vs F7S, and Fiqrt vs F8S showed little difference in the Bray-Curtis similarities.
The similarity compared to Fiq+ seemed to decrease at a constant rate in the transient
period and towards F.,q. The average Bray-Curtis similarity between Fgqrr and Fepg
was 0.29 4+ 0.04, and the similarity within the group Fiqr was 0.78 £ 0.09.
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series towards R2.,4. The error bars corresponds to one standard deviation.

The community change after the salinity switch from a 33 ppt to a 0 ppt salinity
based medium seemed to occur gradually as a function time, with a small lag period
observed when comparing of R2g4+ and R2g4-¢ vs R2.7F, which showed a minor differ-
ence in the Bray-Curtis similarity. The similarities of the transient samples compared to
R244+ seemed to decrease at an almost constant rate in the transient period and towards
R2.,4. The average Bray-Curtis similarity between R24,+ and R2.,q was 0.36 + 0.03,
and the similarity within the group R24:¢ was 0.69 4 0.10.

A one-way ANOSIM test was conducted in order to calculate if there were significant

differences between the microbial communities in the four groups (Table 3.6). There
were significant differences between all four groups with p values below 0.03.

Table 3.6: One-way ANOSIM bonferroni seq. Fstart, Fend, R2start and R2qp4.

RQend RQstart Fend Fstart

R2end

R2start  0.029

Fend 0.008  0.009

Fstart 0.030  0.027  0.008

A similarity percentage calculation (SIMPER) showed which bands in the DGGE gel
that were responsible for the observed difference between the groups of samples (Table
3.7). The ten most influential bands were included, and are also shown in Figure 3.13.
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Table 3.7: Similarity percentage - Showing the ten most influential bands contributing
to the total difference between the groups in Figure 3.13

Taxon Contrib. %

B24 9.47
B47 6.86
B9 6.47
B3 4.80
B51 4.73
B59 4.43
B33 3.44
B17 3.35
B34 3.29
B18 3.27
Sum: 50.14

The SIMPER analysis showed that the ten bands (17% of the total band number
of 59) explained more than half of the variation between the four groups (Fiart, Fend,
R244rt and R2.,4) in the DGGE gel (Figure 3.13). The 49 other bands contributed to
the remaining variation.
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Chapter 4

Discussion and conclusions

4.1 Evaluation of molecular methods

During continuous operation of the reactors it is likely that the nitrifying bio-films re-
tained dead non active biomass. High proportions of dead biomass has been reported
by live/dead staining on matured and non-matured bio-films in waste water treatment
(Miura et al., 2007b). The turnover rate of biomass withheld in the bio-film depends
on several factors with shear forces in the bulk liquid, protozoan grazing, the geometry
of the carriers and microbial growth- and death rates being of most importance (Ost-
gaard, 2005). The live/death ratio was not determined in this study nor was the bio-film
turnover rate or the presence of grazers. This led to the possibility that old community
members could have vastly influenced the microbial fingerprints (Figure 3.9 and 3.13)
when applying DNA based techniques. Further, the use of general bacterial primers
when coupling nitrification performance with community changes resulted in displaying
the community as a whole, including both the autotrophic nitrifying bacteria and other
heterotrophs, on the DGGE community fingerprints. FISH analyses of nitrifying popu-
lations within the total bacterial community in sequencing batch reactors with similar
operational settings as used in this study (25°C, pH ranging from 7 to 8, DO levels of
above 2mg — O2/L) was reported by Guo et al. (2013) to constitute of 11.6 - 16% of
the total biomass. Xia et al. (2008) showed that the total AOB and NOB population
relative to the total population varied between 5.8 - 11% as a response to different C/N
ratios in a compact suspended carrier bio-film reactor. Fluorescent in situ hybridization
(FISH) analyses by Bassin et al. (2011) reported that the AOB and NOB population
only constituted 1 - 2 % of the total microbial community in aerobic granular sludge
reactors. The proportion of nitrifying bacteria relative to the total community was not
determined in this study, still it is likely that most of the biomass retained in the bio-film
in this study were heterotrophs and not nitrifying bacteria. DNA based PCR-DGGE fin-
gerprinting can give a somewhat conservative succession regarding community changes,
as the turnover of DNA might be slow due to retention of non active biomass in the
bio-films.

The DGGE analysis regarding community structure and community dynamics as a
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response to a change in salinity (Figure 3.13) did not result in complete separation of
the bands in the lower most part of the gel. This probably led to an under estimation of
the total number of bands in the gel, and consequently affected the diversity calculations
(Table 3.4 and 3.5). In the DGGE gel with samples from Jonassen (2012) project (Figure
3.9) the lane with the control sample from the PCR reaction showed some bands. These
bands probably originates from bacterial DNA present in the DNA polymerase used in
the PCR reaction. This PCR bias would affect all samples equally, and would therefore
not affect the similarity calculations between or within groups. It could have led to a
wrong estimation of band richness and diversity indices. Further, due to poor DGGE
resolution the presence of minor populations within the community might not have been
revealed on the 16S rDNA level. Changes in these minor populations might have had
an important effect on the functional stability.

Previous studies of nitrifying communities were DGGE has been the main PCR-
based fingerprinting method have resulted in poor gels when applying general bacterial
primers targeting the 16S rRNA gene. In general the reported gels show few bands and
the separation of the bands is only adequate in most cases (Wu et al. 2008, Bassin et
al. 2012). The experimental settings and primers used in this study generated DGGE
fingerprints with somewhat better quality and with high band numbers indicating good
separation compared to other studies. This gives the results more credibility and the
statistical foundation more robustness.

4.2 Nitrification performance before and after the salinity
change

Before the change in salinity both reactors showed high nitrification rates at native
salinities. Comparing the nitrification rates at those salinities the 0 ppt salinity adapted
culture showed 11 % higher ammonium consumption rate, and a 24 % higher nitrate
formation rate compared with the 33 ppt adapted culture. The 0 ppt culture showed
full nitrification before the change in salinity and the 33 ppt salinity adapted culture
oxidised 89 % of the ammonium to nitrate. The salinity increase caused serious in-
hibition of the performance of the 0 ppt salinity adapted culture. Stable ammonium
oxidation rates were not obtained before 54 days after the change in salinity (day 91 of
continuous operation). Signs of NOB activity were low, or not present at all, throughout
the experiment. It is hard to conclude whether there was some NOB activity, although
measurements showed a minor increase in nitrate concentration at this time (54 days
after change and towards the end). High concentrations of nitrite is known to influence
the Dr. Lange nitrate tests as showed by Rgnning (pers. com.). Determining the effects
of nitrite concentrations on the Dr. Lange nitrate readings were not performed. A simi-
lar experiment by Bassin et al. (2011), where microbial activity was linked to microbial
community structure in an aerobic granular sludge process, reported that NOB were
severely affected by salt concentrations of 33 g/L. This was likely due to the NOB being
more susceptible to osmotic stress than the AOB. Li and Bo Yang (2011) reported a
high degree of cell lysis induced by elevated salinity. This could explain why the NOB
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did not recover after the increase in salinity in Reactor F, and was probably also the
cause of the observed increase in ammonium observed in the salinity toxicity test.

The 33 ppt salinity adapted culture prove to be robust regarding changes in salinity,
indicating the presence of halotolerant, and not halophilic, nitrifyers in the bacterial
community. Results obtained from the batch salinity toxicity test (Figure 3.8) showed
that when subjecting the 33 ppt salinity adapted culture to a 0 ppt salinity cultivation
medium the activity rates dropped, 29 % and 32 % for the ammonium oxidation and
nitrate formation rates, compared to the activity rates obtained in the nitrifying capacity
test. This indicated inhibition due to the change in salinity. No nitrite accumulation was
observed, suggesting that the AOB were more severely inhibited by the change. This
was in accordance with previous salinity toxicity tests (Jonassen, 2012) performed on
the same culture.

On occasions observations showed higher nitrate forming rates than ammonium re-
moval rates. This was probably due to transients which invalidated the assumption of
steady state.

4.3 Community structure and dynamics before the change
in salinity

Salinity seemed to be a crucial factor for community structure. As shown in Table 3.1
the 0 ppt salinity adapted culture showed 55.5 % higher band richness compared to the
two salinity adapted cultures. The Shannon and evenness indices were also higher for the
0 ppt salinity adapted culture compared with the salinity adapted cultures, indicating a
more even and uniformly distribution of species within the bacterial community during
the time of sampling. Both salinity adapted cultures showed similar band richness
and similarity indices, which suggests that the two communities constituted of more
dominating populations. The results were expected as previous studies have reported
that high salinity systems often show a lower microbial diversity (Moussa et al. 2006,
Wu et al. 2008, Bassin et al. 2012). But it contradicts the results of Lefebvre et al.
(2004) who found that the microbial structure in salt-adapted system was similar to that
of a non-adapted one.

During continuous operation of the three reactors, the ammonium loading rate were
similar during the sampling period (VNLR of approximately 2.4 + 0.3 mg— N/l-h) and
the 0 ppt salinity adapted culture was the only one that showed complete nitrification
during the this period (Chapter 3.1.1, Jonassen (2012)). The 33 ppt salinity adapted
reactor showed full nitrification the preceding few days after the last sampling, and the
22 ppt salinity adapted culture did not show full nitrification performance before two
weeks after the last sampling day. Still, the ammonium conversion rates did almost
coincide with the VNLR, so the cultures were all ammonium limited during the time of
sampling. Nitrite accumulation was observed in both salinity based reactors. Because of
the changes in the nitrification rates in the preceding days after sampling, it was likely
that the communities in the two salinity based reactors were changing as an adaptive
response to the nitrogen loading rates and towards a state were the communities were
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able to convert all the in-fluent ammonia to nitrate. This seemed likely as the average
Bray-Curtis similarities (Figure 3.10) showed that the similarity within the samples
from each community were lower (and had higher standard errors) for the salt adapted
cultures, with the 33 ppt showing the lowest similarity within the community. The
average Bray-Curtis similarity between the reactors were reduced with a factor of at
least two when comparing the communities with each other. Interestingly, the similarity
between the two salinity adapted cultures showed higher similarities with each other than
when compared to the 0 ppt salinity adapted culture. This indicating that the salinity
adapted cultures shared some dominating species. The similarity percentage showed
that the ten top contributing bands could explain 57.9 % of the observed difference
between the three communities. This indicated that only a minor numbers of species
contributed to most of the observed difference between the cultures, and minor changes
within these bands could contribute vastly to the total difference.

The high salinity conditions favours the growth of halophilic and halotolerant bacteria
as indicated by the nitrification salinity toxicity test (Figure 1.3) of Jonassen (2012). In
that experiment it was showed that the salinity adapted cultures still performed good
with high nitrification rates even at a lowered salinity. The 22 ppt salinity adapted
culture also showed good nitrification performance at elevated salinity levels of 33 ppt.
It is possible that a higher degree of community dynamics and flexibility is required in
more extreme environments. This raised flexibility /dynamics could be a competitive
advantage towards variations in salinity.
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Figure 4.1: Comparison of Bray-Curtis similarities between samples at continuous
operation at native salinities. The blue bar corresponds to storage and freezing of the
carriers, and divides the experiment of Jonassen (2012) with this study. Black vertical
lines is the average Bray-Curtis similarity of the pair wise comparisons. a) Bray-Curtis
similarities between samples in Reactor F. b) Bray-Curtis similarities between samples
in Reactor R2.

The similarity between the samples from Reactor F (Figure 4.1.a) fluctuated around
a mean before the bio-films were frozen and stored. After thawing and operation at 0
ppt salinity in this study, the fluctuation seemed to increase. This is probably due to the
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community response to adapt to the variations in the VNLR in the period of sampling
(Sample F5 and F6). It is possible that the samples could have been more similar if
the operational conditions were more constant in the sampling period. In Figure 4.1.b,
which shows the similarity between the samples from Reactor R2 at native salinity, the
fluctuations were more evident. In the experiment of Jonassen (2012) there was some
minor accumulation of nitrite at the points of sampling. But the concentration decreased
towards the last sampling point. This reduction in nitrite concentration indicates that
the NOB were gradually becoming more dominating in the bio-film during this period
and the difference in Bray-Curtis similarities between the samples could be explained
due to this. In the present study the nitrification performance was good during con-
tinuous operation of Reactor R2 at 33 ppt salinity, showing no accumulation of nitrite
and converting about 88 % of the in-fluent ammonium. The VNLR was increased in the
period of sampling, and the increased loading can explain variations in the Bray-Curtis
similarities. Comparing the different samples from Reactor R1 gave Bray-Curtis similar-
ities of 0.71, 0.82 and 0.90. The amount of nitrite accumulation was high in Reactor R1
during the sampling period, and the community did not show good performance until
two weeks after the last sample. The community was probably not fluctuating around a
possible climax state, but rather moving towards this condition.

The results indicate that stable communities (climax communities) were not achieved
when operating the reactors at native salinities, and was in accordance with the exper-
imental results of Moussa et al. (2006). This could be due to variations of different
parameters such as in-fluent concentration of ammonium, the volumetric nitrogen load
rate, temperature variations, and pH differences. A longer operational period and con-
stant environmental factors could have resulted in a more similar community over time.
The results suggest that stable performance is not always coupled to a stable commu-
nity structure, and consequently that a static nitrifying community is not essential for
complete nitrification.

4.4 Community structure and dynamics after the change
in salinity

The two cultures showed similar band richness (k) and Shannon diversity (Table 3.4)
when comparing the community development throughout the operational period (before
and after the change in salinity). There were some differences in the Evenness index
where Reactor F showed the highest Evenness, indicating that the species were more
uniformly distributed in this community. As the calculated Evenness was an average
diversity measure before an after the change in salinity one can expect them to be
somewhat similar as the main difference, besides community origin, was the environ-
mental salinity. As discussed in Chapter 4.3 high salinity conditions seemed to reduce
the species richness, and similar diversity was therefore expected when performing a
comparison that included before and after the change in salinity for both reactors.
According to Kartal et al. (2006) and Dapena-Mora et al. (2010) there are two
possible outcomes of the adaptation of a bacterial community to a change in salinity: the
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acclimation of the existing population (by physiological or evolutionary adaptation), or
a population shift (microbes low in initial number gradually dominates the community
due to a competitive advantage towards variations in salinity). The results from the
nitrification salinity toxicity test (Chapter 3.2) showed that the community in Reactor
R2 quickly acclimatized to the change in salinity. The non-metric multidimensional
scaling plot (Figure 3.14) based on Bray-Curtis similarity measures also showed that the
community changed as a response to the change in salinity. This indicated that both
outcomes of adaptation seemed to occur for the 33 ppt salinity adapted culture. On
the contrary, the 0 ppt salinity adapted culture did not show any signs of activity in
the salinity toxic response test. But the NMMDS plot (Figure 3.14) showed that the
community change was just as eminent as in the 33 ppt salinity adapted culture and, with
the modest nitrification rates observed towards the end of the experiment, this suggest
population shift as a response to the change in environmental salinity. The ordination in
Figure 3.14 showed four distinct clusters, with a successive community change between
them. Comparison of the average Bray-Curtis similarity within the samples before the
change in salinity with the individual samples in the transient period showed an almost
linear decrease in similarity. Indicating a constant development towards a possible final
state (Figure 3.16 and 3.17).

The diversity measures (Table 3.5) for the clusters Fyyq¢ and Fep,q showed that the
band richness increased with 50% after the change in salinity. This was not expected and
contradicts studies reporting that an increase in salinity cause a reduction in community
richness (Moussa et al. 2006, Wu et al. 2008, Bassin et al. 2012). The Shannon
diversity index was also higher indicating less dominating species after the change. This
was also unexpected as an increase in salinity would probably select a narrower group
of bacteria able to function at high salinity. It is likely that this could be due to poor
band separation in the lower most parts of the DGGE gel (Figure 3.13) which led to
an underestimation of the bands present (Chapter 4.5). The diversity indices of R244:+
and R2.,; were more similar with small changes in band richness, Shannon diversity
and Evenness. This was considered plausible and in accordance with the results from
the batch salinity toxicity test, and the community origin, suggesting a more robust
community with respect to changes in the salinity. The similarity percentage between the
four groups showed that the ten most contributing bands could explain approximately
50 % of the total variance between the groups. This was in accordance with the results
obtained before the change in salinity (Chapter 4.3) and indicated that variations in
a few key players in the community, would influence the similarity between the groups
substantially. These key players may further possess important roles regarding functional
stability within the communities.
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Figure 4.2: Comparison of Bray-Curtis similarities between the samples in the groups
Fenq and R2.,, during continuous operation after the salinity switch. Black vertical
lines is the average Bray-Curtis similarity of the pair wise comparisons.

The similarity between the samples constituting the groups Fi,q and R2.,q from
Reactor F and R2, respectively, seemed to fluctuate around a mean which indicate
that stable communities were not obtained (Figure 4.2). This was probably due to the
communities response to adapt to the variations in the VNLR in the period of sampling,
and it is possible that the observed difference between the samples could have been
more similar if the operational conditions were more constant in the sampling period.
In Reactor R2, the fluctuations seemed more evident, and the Bray-Curtis similarities
were less similar compared to the Fg,q group of Reactor F. In the sampling period the
community showed full nitrification, but changes in the VNLR may have caused a change
in the community. In reactor F it was observed stable ammonium oxidizing activity
towards the end of operation at 33 ppt salinity (Sample F16S). This suggested that the
AOB were gradually becoming more dominating in the bio-film during this period and
the decrease in Bray-Curtis similarities between the samples could be explained due to
this. The VNLR were decreased in the period of sampling, and the difference in nitrogen
loading rates could further explain the variations in the Bray-Curtis similarities.

It was hard to determine whether the nitrogen loading rates or hydraulic retention
time did result in changes in the microbial population in Reactor F and R2. When
coupling nitrification performance with community changes it should be stated that the
recorded community changes displays the community as a whole, thus including both
the autotrophic nitrifying bacteria and other heterotrophs present in the bio film. This
makes it hard to conclude if changes in activity are associated with big differences in
community structure. Environmental factors such as pH, temperature and dissolved
oxygen concentration remained fairly constant during the operational period, and it is
not likely that these factors contributed in a decisive manner towards the community
change after the salinity change. The pH incidents in Reactor F may have directed the
community towards the final state, as reported by Princic et al. (1998).

The results indicate that the microbial adaptation strategy was not determined by
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either acclimation or by population shift, but rather a combination of the two determined
by the communities inherent prerequisites. These results may contradict the results of
Bassin et al. (2011) who concluded that the AOB population did not change but adapted
to changing salinities in their experiment. Bassin et al. (2011) based this on sequencing
of bands from DGGE runs with general bacterial primers and primers targeting the
amoA gene and concluded based on the presence or absence of AOB. As this present
study examined the community changes in the community as a whole, it is hard to say
if the nitrifying population varied in the transient period and towards the more stable
end state. But it seems highly unlikely that the nitrifying population was stagnant in
the same period.

During adaptation to a change in salinity a stable nitrification performance was not
necessarily coupled to a stable community structure. Towards the end of the experiment
Reactor R2 showed full nitrification, but minor fluctuations in the community was still
observed. This indicates, in accordance with the results from continuous operation at
the cultures native salinity (33 ppt), that a static nitrifying community is not essential
for complete nitrification.

4.5 Conclusions

e The microbial community adapted to 33 ppt was halotolerant and showed robust-
ness to changes in the salinity.

e A static nitrifying community is not essential for complete nitrification, but rather
an advantageous community trait regarding robustness to perturbations in envi-
ronmental factors such as pH, temperature and nitrogen loading.

e The microbial adaptation strategy was not determined by either acclimation or by
population shift for the 33 ppt salinity adapted halotolerant culture. But rather a
combination of the two, determined by the community’s inherent prerequisites.

e Population shift was probably the main adaptation strategy for the 0 ppt adapted
culture when adapting to 33 ppt salinity.

e During adaptation to a change in salinity a stable nitrification performance was
not necessarily coupled to a stable community structure.

e Only a few species contributed to the majority of variance between the different
communities. The degree of abundance of these key players may have important
roles regarding functional stability at different salinities.
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4.6 Future perspectives

DNA based PCR-DGGE prove to be a sufficient way to describe the community dynamics
and structure as a response to environmental changes, and this study has resulted in
new knowledge and insight regarding functional performance, community dynamics and
adaptation strategies as a response to a low salinity adaptation of high salinity adapted
cultures (as most studies have their focus on the opposite scenario). But as DNA based
fingerprinting is afflicted with the presence of non active biomass due to retention in
the bio-film, and a long DNA turnover rate, it is suggested that more work should be
directed towards a RNA (cDNA) based DGGE gel analysis. This would probably result
in a more accurate description of the successive community changes that occurred as
a response to the change in salinity in the communities as the turnover rate of RNA
is substantially lower than DNA in most cases. In particular when considering short
term operation of bio-film based reactor systems with few days between sampling. More
work should further be directed towards identification of the species inhabiting the bio-
film, in particular the bands corresponding to species thought to be key players in the
communities. Sequencing DNA from the DGGE gels has resulted in deficient results
in previous experiments at the department (Hjort, 2010), so other sequencing options
should also be applied (e.g. 454 pyrosequencing). Supplementing the DGGE analysis
with fluorescent in situ hybridisation (FISH) analyses could also give more information
regarding the relative abundance of NOB and AOB as a function of time during the
adaptation and give more knowledge regarding the physical distribution of nitrifying
bacteria within the bio-films. Alternatively, the use of specific AOB and NOB primers
for the PCR-DGGE could give further insight in community dynamics and structure
only accounting for the nitrifying bacteria.

The cultures, DNA extracts and biomass samples from this study are available for
further investigation.
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Appendix A

Operation of the nitrifying
reactor F, with biomass
originating from low salinity
municipal waste water

Table A.1 shows operating conditions for the reactor during the test period. This in-
clude parameters such as concentrations of ammonia, nitrite and nitrate in the effluent
and concentration of ammonia, nitrite and nitrate in the cultivation media. Calculated
nitrification activities, hydraulic retention time and volumetric nitrogen load rate are
also presented. The N-balance refers to the mass of nitrogen in the effluent, subtracted
the total mass of nitrogen sent into the reactor.

On day 37/38 the batch capasity- and toxic salinity tests were conducted.
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Appendix B

Operation of the nitrifying
reactor R2, with biomass
originating from the Trondheim

Fjord

Table B.1 shows operating conditions for the reactor during the test period. This in-
clude parameters such as concentrations of ammonia, nitrite and nitrate in the effluent
and concentration of ammonia, nitrite and nitrate in the cultivation media. Calculated
nitrification activities, hydraulic retention time and volumetric nitrogen load rate are
also presented. The N-balance refers to the mass of nitrogen in the effluent, subtracted
the total mass of nitrogen sent into the reactor.

On day 37/38 the batch capasity- and toxic salinity tests were conducted.
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Appendix C

pH, temperature and dissolved
oxygen measurements

Tables C1 and C2 shows the measured pH, temperature and dissolved oxygen (DO)
concentration for the nitrifying reactor with biomass originating from high salinity sea
water and municipal waste water respectively. Measurements are shown as days after
initiation of continuous operation.

Table C.1: pH, dissolved oxygen (DO) and temperature measurements from the nitri-
fying reactor with biomass originating from the Trondheim Fjord.

Day: pH: DO (mg/L): T (°C):
1 7.80 6.96 25.0
3 7.70 7.36 21.8
4 737 6.93 25.0
6 7.71 6.94 25.0
8 7.71 6.89 25.0
10 7.76 7.10 24.3
12 7.73 6.91 25.0
14 7.79 6.88 25.0
16 7.74 6.72 25.0
18 7.29 6.73 24.9
19 7.76 6.53 25.0
20 7.58 6.69 24.5
22 7.38 6.73 24.8
24 7.39 6.61 24.7
25 7.66
27 7.25 6.82 24.8
31 7.21 6.87 24.8
34 7.21 6.87 24.8
37 728 6.78 24.8
38

Continued on next page
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Table C.1 — Continued from previous page

Day: pH: DO (mg/L): T (°C):
39
40 7.68 7.92 25.2
45 7.78 8.01 25.1
47 7.72 7.81 25.5
50 7.74 7.54 25.3
52 7.71 7.67 254
54 7.70 7.45 25.3
95 7.29 8.20 25.0
59 7.36 8.12 25.2
60  7.65 8.09 24.6
62 7.80 8.15 24.9
65 7.82 8.13 25.2
70 7.74 8.36 25.6
73 7.79 8.27 24.8
4772 8.05 25.7
75 7.76 8.05 25.2
80  6.77 8.16 25.0
82 7.63 7.94 25.5
84 7.79 7.82 25.0
87  7.40 7.86 24.5
91  7.76 7.59 24.7
94 7.80 7.54 25.2
96  7.52 7.97 24.8
101 7.72 7.47 24.5
103 7.77 7.53 24.5
105 7.39 7.62 244
108 7.27 7.87 24.5
111 7.69 7.97 26.4
115 7.23 7.71 24.3
119 7.22 7.59 23.4
122 7.29 7.23 25.5
127 7.27 7.01 26.5

Table C.2: pH, dissolved oxygen (DO) and temperature measurments from the nitri-
fying reactor with biomass originating from municipal waste water.

Day: pH: DO (mg/L): T (°C):
1 7.54 7.54 25.1
3 7.8 8.82 21.3
4 7.62 8.27 24.8
6 7.53 8.09 25.1
8 7.73 8.24 24.9
10 7.76 8.22 24.9
12 7.76 8.08 24.9
14 7.33 8.13 24.9
16 7.44 7.92 24.9

Continued on next page
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Table C.2 — Continued from previous page

Day: pH: DO (mg/L): T (°C):
18 7.76 8.04 24.8
19 7.76 7.86 25.0
20 7.23 7.86 24.1
22 7.24 7.87 244
24 7.22 7.22 243
25 7.34
27 7.68 7.75 24.6
31 7.24 7.90 24.6
34 774 7.73 24.6
37 7.24 7.73 24.6
38
39
40 .77 7.05 24.9
45  7.76 7.07 24.9
47 772 6.94 25.3
50 745 6.73 25.1
52 7.66 6.85 25.2
55  7.68 6.96 25.0
60 7.70 6.88 24.7
62 7.30 6.92 24.8
70 7.68 7.06 25.2
73 6.96 7.10 24.6
74 7.33 6.90 25.7
75 7.72 6.94 25.1
80 7.56 6.41 25.0
82 7.74 6.90 25.5
84  7.78 6.98 25.0
87 .77 7.00 24.4
91 7.68 6.91 24.6
94  7.73 6.84 25.0
96  7.52 6.90 24.5
101 7.67 6.90 24.6
103 777 6.87 24.5
105  7.63 6.93 24.4
108 7.75 6.76 24.8
111 7.35 6.81 26.2
115 7.44 7.01 24.3
119  7.79 7.01 23.5
122 7.73 6.74 25.5
127 7.75 6.76 26.5
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Appendix D

Capasity and toxicity tests

Tables D1 and D2 shows the measured concentrations of ammonia, nitrite and nitrate
for Reactor F and Reactor R2 during the batch capacity test.

Tables D3 and D4 shows the measured concentrations of ammonia, nitrite and nitrate
for Reactor F and Reactor R2 during the salinity toxic response test.

Table D.1: Concentration measurements of ammonium, nitrite and nitrate (mg—N/L)
for the municipal waste water culture in Reactor F during the batch capacity test.

Time (h): C’;{,H4: Crno,t Crost

0 93.8 0.107  8.26
0.25 96 0.18 9.07
0.5 94.9 0.192 12.5
1.0 88.9 0.090 17.6
1.5 96 0.073 21.6
2.0 79.9 0.076 304
2.5 75.3 0.173  36.3
3.0 68.3 0.113 415
3.5 63.3 0.080 50.0
4.0 60.1 0 54.1
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Table D.2: Concentration measurements of ammonium, nitrite and nitrate (mg—N/L)
for the Trondheims Fjord culture in Reactor R2 during the batch capacity test.

Time (h): C;{,H4: Crno,t Croyt

0 93.2 0.400 3.89
0.25 87.0 0.765 6.88
0.5 87.9 1.24 14.2
1.0 92.2 1.82 21

1.5 83.0 1.92 23.6
2.0 80.4 1.52 34.4
2.5 69.8 1.41 34

3.0 63.0 1.14 41.7
3.5 574 1.17 46.6
4.0 51.7 1.17 49.4

Table D.3: Concentration measurements of ammonium, nitrite and nitrate (mg—N/L)
for the municipal waste water culture in Reactor F during the salinity toxic response
test.

Time (h): C;{,H4: Crno,t Croyt

0 105 0.075 1.78
0.5 83.6 0.007 2.08
1.0 107 0.001 1.75
1.5 105 0.006 1.69
2.0 110 0.008 1.91
2.5 109 0.003 1.88
3.5 109 0.070 2.75
4.5 111 0 1.78
9.5 113 0.006 2.23
7.5 118 0 1.86
10.0 122 0.002 2.04
13.0 125 0 2.09
19.5 130 0.001 2.48
24.0 135 0.014 2.35
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Table D.4: Concentration measurements of ammonium, nitrite and nitrate (mg—N/L)
for the Trondheim Fjord culture in Reactor R2 during the salinity toxic response test.

Time (h): C;{,H4: Crno,t Croyt

0.0 110 0.039 2.10
0.5 102 0.163 2.46
1.0 99.3 0.352 5.07
1.5 94.3 0.390  8.40
2.0 90.8 0.570 12.7
2.5 87.1 0.650 17.9
3.5 78.5 0.470 26.9
4.5 72.0 0.230  33.2
9.5 65.8 0.260  39.8
7.5 51.2 0.420 54.0
10.0 29.6 0.710 73.4
13.0 1.62 1.10 101
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Appendix E

DGGE protocol

Mounting of glass plates

1.

Wash the two glass plates, the spacer and the comb using Deconex soap and hot
tap water. Finally rinse well with water to remove any traces of soap. Polish one
side of each glass plate using 96% ethanol and Kimwipe paper.

. Assemble the glass plates and spacer, and place it all in the gel box. Assure that

the spacer is aligned to the lower edge of the glass plates. Tighten the screws.

. Loosen the two uppermost screws, mount the comb, and then tighten the screws

again.

Preparation of DGGE solutions

1.

Determine the acrylamide percent and the denature gradient of the gel. (For
recipes og solutions, see below.)

. Make acrylamide solutions with the desired denaturing percentage in two 50 ml

tubes. (Total volume in each tube will be 24 mL; see table below for volumes of
0% and 80% denaturing solutions.)

. The 0% denat. acrylamide solution can be added to the 50 mL tubes without

filtration. The 80% denat. acrylamide solution needs to be filtered before upon
addition. (In order to remove urea crystals).

. Prepare a 50 mL tube with 8 mL 0% denat. acrylamide solution. (Stacking gel for

the top part of the gel.)

. When ready to pour the gel, add 16uL tetramethylethylenediamine (TEMED) to

the 24 mL gel solutions, and 10 L TEMED to the 8 mL stacking solution.

. Prior to pouring the gel, add 87 L APS (10% ammonium per-sulphate) in both 24

mL gel solutions. (For the stacking gel, add 40uL APS, but not until the stacking
gel is ready for pouring.)
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Casting the gel

1.

2.

10.

11.

Rinse the gradient mixer and the tubes by pumping mg-water through the system.

Turn off the pump, close the valve between the chambers off the gradient mixer,
and put the gradient mixer on stirring.

. Pour the gel solution with low denat. percentage in the left chamber. Quickly

open and close the valve to remove any air bubbles in the channel between the
chambers. Use a pipette to remove any small amounts of gel solution in the right
chamber.

. Pour the gel solution with high denat. percentage in the right chamber.

. Start the pump and wait a few seconds until the solution from the right chamber

has migrated 7-8 cm out in the tube. Then open the valve between the chambers.
Assure stirring in both chambers.

. Place the syringe between the glass plates. (Assure no water from the washing

step is left in the tube.)

When the gel reaches approximately 1 cm below the comb, stop the comb, remove
the syringe, and empty any leftovers from the mixing chamber and tubes. Rinse
the system with a small amount of mg-water.

. When the mixing chambers are empty from water, close the valve and stop the

pump. Add APS to the stacking gel solution, mix, and pour into the right chamber
of the mixer.

. Start the pump. When the glass plates are completely filled with the stacking gel,

turn of the pump, and press the comb down and in to the gel. Tighten the screws.
Leave the gel for polymerization for at least two hours.

Pump mg-water through the system to avoid gel polymerization in the tubes.

Preparations and addition of samples

1.

3.

Make 20 L of 0.5X TAE buffer (200 mL 50X TAE and 20 L of mq-water) and add
approximately 17 L to the buffer tank. (The buffer may be used for three runs.)
Turn on the instrument to heat the buffer to 60°C.

. Carefully remove the comb from the gel. Loosen all screws, and carefully press

down the spacer. Tighten the screws at the sides of the glass plates. (The screws
on the bottom should be loose throughout the electrophoresis.)

Place the gel system in the buffer tank. Avoid air bubbles beneath the gel.
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4.

Attach the electrical wires and recirculation tube and turn on the recirculation.
Rinse the wells using a syringe with buffer. Turn the power on (100 V; should
result in approximately 27 - 35 mA) and let run while preparing the samples.

. Add 3 pL loading dye to 5 uL PCR sample. When all samples are ready for

loading, turn off the recirculation and push the "low voltage" button. Apply the
samples to the wells. Avoid using the 2-3 outermost wells due to "smiling" effects.

Running the gel

1.

2.

Turn on the "high voltage" button, set the voltage to 100 V. Run the gel for 5-10
minutes without buffer recirculation.

Turn on the recirculation and run gel for 17-18 hours.

Staining and visualization

1.

2.

Turn of the instrument; lift the gel system out.

Loosen the screws, and lift out the gel. Carefully separate the glass plates.

. Transfer the gel to a plastic foil sheet and place it in a suitable lidded box.

. Prepare the staining solution by adding 30 mL mqg-water, 3uL. SYBR Gold, 600

uL 50X TAE buffer in a 50 mL tube.

. Distribute the staining solution evenly on the gel. Put the lid on the box, and

leave for 1-2 hours.

. Carefully take out the gel and rinse with mg-water. Carefully let the water run of

the gel, use a paper towel at the edges of the gel to remove excess water.

Wash the UV plate of the "gel dock" with distilled water and ethanol. Use Kimwipe
papers to remove any dust or other particles on the UV plate. Distribute some
mq-water on the plate (This allows for easy movement of the gel on the plate).

. Carefully transfer the gel from the plastic foil to the UV plate (by turning the

plastic foil "upside down"). Before removing the foil, position the gel on the plate.

. Photograph the gel at different exposures, and save the pictures in the original

format, and e.g. pdf or other formats.

Eluation of bands for sequencing

1.

2.

Print out a picture of the gel, and number the bands that are to be sequenced.

Add 20 pL sterile mg-water to eppendorf tubes, and number the tubes according
to the number of bands.
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3. Pull out the UV plate, and pull down the UV screen. Cover the wrists to avoid
UV radiation. Use blue 1 mL pipette tips to stick out material from the bands.
Take care to avoid touching other bands. Use a pipette to blow out the material
in the eppendorf tube with water.

4. Place the tubes in the fridge over night.

5. Use 1uL of the eluate as template in a 25uL PCR reaction.

Chemical recipes

For all the solutions mention under, add distilled water to obtain the final volume.

50X TAE buffer

The 50 X TAE buffer is prepared according to Table F.1. Prior of use, autoclave the
buffer.

Table E.1: 50 X TAE Buffer (20 L).

Compound Amount
Tris base 242 ¢
Glacial acetic acid 57.1 mL

0.5 M EDTA (pH 8.0) 100 mL

Deionized formamide

Deionize 200 mL formamide by adding 7.5 g DOWEX RESIN AG 501X8, and stir for

one hour at room temperature.

Acrylamid solution (0% denaturing)
8% acrylamide in 0.5 X TAE buffer (per 250 ml):

1. 50 mL of 40% acrylamide solution (BioRadLab Inc)
2. 2.5 mL of 50 X TAE buffer

Store solution at 4°C, protected from light.

Acrylamid solution (80% denaturing)
8% acrylamide, 5.6 M urea, 32% formamide, in 0.5 X TAE buffer (per 250 ml):

1. 50 mL of 40% acrylamide solution (BioRadLab Inc.)

2. 2.5 mL of 50 X TAE buffer
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3. 84 g of urea

4. 80 mL of deionized formamide
Store solution at 4°C, protected from light. Must be sterile filtered before pouring the
gel.
0% stacking gel
Prepared by taking 8 mL of the 0% acrylamide solution and adding 40uL 10% APS and
10puL TEMED.
10% ammonium per-sulphate (APS)

1. Dissolve 10 g of ammonium per-sulphate in 100 mL dH>0O.

2. Sterile filter the solution.

3. Divide solution in 250u L fractions in eppendorf tubes and store in freezer.

4. Used eppendorf tubes are discharged after use.

Composition of low and high denaturing solutions

Table E.2 shows the composition of low and high denature solutions. 0%- and 80% stock
refers to the amount of the 0% and 80% acrylamid solutions needed.

Table E.2: Composition of low and high denature solutions. 0%- and 80% stock refers
to the amount of the 0% and 80% acrylamid solutions needed

Denaturing % 0% stock 80% stock TEMED + 10% APS Total volume

15 19.5 4.5 16 + 87 24
25 16.5 7.5 17 + 87 24
30 15 9 18 + 87 24
35 13.5 10.5 19 + 87 24
40 12 12 20 4 87 24
45 10.5 13.5 21 + 87 24
50 9 15 22 4 87 24
55 7.5 16.5 23 + 87 24
60 6 18 24 4+ 87 24
75 1.5 22.5 25 + 87 24
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