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SUPPLEMENTARY RESULTS AND DISCUSSION

Nitrosomonas MAGs

Using a set of 203 single-copy genes, the taxonomic affiliation of four of these MAGs was established
(Supplementary Figure 8). The MAGs SJ624 and SJ754 belong to Nitrosomonas cluster 7, i.e., the
Nitrosomonas europaea / mobilis cluster. While the MAG SJ624 is most closely related to N.
europaea, SJ754 is most similar to N. mobilis, although it only shares 82.2% average nucleotide
identity (ANI) (Supplementary Figure 8). The MAG SJ76 is a member of Nitrosomonas cluster 6a
(Nitrosomonas oligotropha cluster) sharing 99.7% ANI with Nitrosomonas sp. JL21, an AOB isolated
from laboratory activated sludge . The MAG SJ634 is a member of Nitrosomonas cluster 6b, a group
of AOB commonly associated with estuarine and marine environments 2. Due to its low completeness
the MAG SJ328 was not included in this analysis. However, phylogenetic analysis of the ribosomal
S2 gene indicates that SJ328 is closely related to SJ624 in cluster 7 (Supplementary Figure 9). All five
Nitrosomonas MAGs contained a mix of the essential genes required for both nitrification and for
denitrification to nitrous oxide (N-O) (File S1).

The AOB SJ754 encodes two forms of complex | (NADH:quinone oxidoreductase or NADH
dehydrogenase) of the electron transport chain. It encodes a canonical type | NADH dehydrogenase
(nuoA-N), parts of which are found in all five AOB MAGs and a sodium dependent NADH:quinone
oxidoreductase (type 11l NADH dehydrogenase), which can regulate the cytoplasmic sodium

concentration. If operated in reverse, this complex would allow for the generation of NADH with



sodium motive force 3, providing an energetic advantage over AOB competitors that depend solely on

proton motive force to generate cellular reducing power.

Previously characterized N. mobilis sp. have been observed to be halotolerant and, in some cases,
even obligately halophilic #°. Indeed, SJ754 contains several gene clusters that would facilitate an
adaptation to saline environments (Supporting File S1). In addition, SJ754 is also the only AOB MAG
to encode parts of both low and high affinity forms of RuBisCO, which may provide an advantage
during times low and fluctuating CO2 concentrations. The concentration of inorganic carbon in the
mainstream was more than tenfold lower than in the sidestream ©, which may explain why SJ754 had a

competitive advantage in the mainstream environment of fluctuating CO; concentrations.

Interestingly, the AOB abundant at high sidestream exposure are expected to have very different
optimal growth conditions based on their phylogeny 2. Being a member of the N. oligotropha cluster
6a, SJ76 represents an AOB most likely adapted to low ammonium concentrations, in contrast to the
other four Nitrosomonas MAGs. Hence, alternative metabolisms may be an important factor to
explain the continuous low relative abundance of SJ76. Indeed, SJ76 and SJ634 both contain genes
necessary for alternative metabolisms such as urea and hydrogen utilization. The closely related
SJ624 and SJ328, belonging to Nitrosomonas cluster 7, both encode a possible high affinity terminal
oxidase (SNOR), shown to be upregulated in AOB grown under oxygen-limiting conditions 8. Lastly,
SJ634, which belongs to Nitrosomonas cluster 6b, encodes a variety of genes related to halotolerance,
including: 1) a sodium motive force driven type 11l NAD dehydrogenase, 2) a sodium motive force
driven N-type ATPase °, and 3) biosynthesis genes for the compatible solutes ectoine and

hydroxyectoine 1° (File S1).

Although none of the Nitrosomonas MAGs included an amoA gene, multiple amoA sequences were
found in the metagenomic assembly, corresponding to Nitrosomonas cluster 7, 6a, 6b and 8
(Supplementary Figure 10). The absence of amoA in the MAGSs, might be due to the presence of
multiple copies of amoA being present in the genome, as seen for N. europaea, !, which makes

difficult binning.
Nitrospira MAGs

Four Nitrospira MAGs were resolved after binning (Figure 5A). Three of them are members of
Nitrospira lineage 1 (SJ521, SJ669, and SJ846). The fourth is a member of Nitrospira lineage Il
(SJ32), a group that comprises both nitrite oxidizers and comammox bacteria (Supplementary Figure
11) 213, Although comammox Nitrospira have been observed in WWTPs 415 a search for amoA in
the entire metagenome assembly did not identify any Nitrospira amoA (Supplementary Figure 10),

suggesting that comammox Nitrospira were not present or were below detection.



All four Nitrospira MAGs contained the expected genes essential for nitrite oxidation, and genes
indicating a reverse TCA cycle method of carbon fixation (File S1) 6. Although MAG SJ32 encodes
many of the genes necessary for a possible functional hydrogenase, the relative abundance of SJ32 in
the Nitrospira population was low in all treatments and decreases with increased sidestream exposure
(Figure 5). Therefore, it seems that this does not provide a competitive advantage in these
environments. In addition, SJ669 does not encode for all genes encoding any of these alternative
metabolisms, but this is most likely due to the incompleteness of the MAG (~58%) (File S1).

Anammox MAGS

SJ692 had a 98.9% ANI to Brocadia sapporoensis, which had previously been identified as the
dominant anammox bacterium at the Sjélunda PNA bioreactors ¢, as well as in other wastewater
bioreactors 178, Another Brocadia MAG with the same abundance across samples was SJ698, which
appears to be a new species of Brocadia (Supplementary Figure 12), although its 16S gene had a 98%

identity to a sequence from the Yangtze estuary in China *°.

B. sapporoensis is a comparably fast growing anammox bacterium 2, It has been proposed that the
small genome size of B. sapporoensis is linked to its fast growth 2. A genome size of 2.9 Mb was
reported for B. sapporoensis 2%, while a 2.8 Mb genome was observed for SJ692, with a 95%
completion as estimated with CheckM (File S1). This was in fact smaller than two other two
anammox MAGs in the PNA biofilm which both had a genome size of 3.2 MB and were estimated to
be >95% complete with CheckM (File S1).

One mechanism that could allow SJ698 to compete with the dominant SJ692 is the presence of a Type
VI secretion system (T6SS) in the SJ692 genome. T6SSs are used by bacteria to export proteins to
neighbouring cells ?2. Thus, the T6SSs in the anammox SJ698 could be used against other bacteria 23
or might provide protection against phagocytic amoebae . Selective protozoan predation of
anammox bacteria has been reported before 2, and hence it is possible that anammox bacteria differ in
their defence strategies against predation. In addition, we observed a cyanase in the SJ698 genome.
Cyanases are uncommon among anammoX bacteria, with the exception of some marine anammox

bacteria in the genus Scalindua 2627, This could provide an alternative source of ammonium to SJ698.

The highest ANI for SJ251 was 99.2% to the B. fulgida genome. All the anammox MAGs had an
acetyl-CoA synthetase, which would allow converting acetate into acetyl-CoA. However only SJ251
encoded genes for acetate kinase (ackA) and phosphate acetyltransferase (PTA), where acetyl-CoA is
made via acetyl phosphate. In Escherichia coli, ackA + PTA are used at high acetate concentrations %,
and this agrees with a previous report of B. fulgida being enriched when acetate was added to the

medium 2.
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Supplementary Figure 1: Read abundances of the two most abundant Nitrosomonas 16S rRNA
ASVs.
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Supplementary Figure 2: Total relative abundance of MAGs with nirK, nirS, norB and nosZ genes.

Values in each plot show Pearson correlation between sidestream exposure and relative abundance
among samples taken in day 58.
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Supplementary Figure 3: Relative abundance of MAGs with the nirS genes. Samples and MAGs

were clustered by the Bray-Curtis distance of the square transformed data.
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Supplementary Figure 4: Relative abundance of MAGs with a norB gene. Samples and MAGSs were
clustered by the Bray-Curtis distance of the square transformed data.
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Supplementary Figure 5: Relative abundance of MAGs with a nosZ gene. Samples and MAGs were

clustered by the Bray-Curtis distance of the square transformed data.
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Supplementary Figure 6: Relative abundance of MAGs with a nirK gene. Samples and MAGs were
clustered by the Bray-Curtis distance of the square transformed data.
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Supplementary Figure 7: Network analysis of abundant MAGs. Each circle (node) represents a

MAG:; connections (edges) indicate that MAG abundances are not independent of each other. Green

edges show a positive link, while red edges indicate a negative link. The size of the node is

proportional to its mean centred-long-ratio abundance. The thickness of an edge indicates edge

weight.



Nitrosomonas Nm141[GCA_003046215.1
Nitrosomenas Nm134 [GCF_004345375.1]
Nitrosomonas oligotropha [GCF_009833085.1]
Nitrosomonas Nm120 [GCF_003664085.1]
Nitrosomonas ureae [GCF_001455205.1]
Nitrosomonas AL212 [GCF_000175095.2]
Nitrosomonas APG5 [GCF_003011925.2]
Nitrosomonas [s79A3 [GCF_000219585.1]
Nitrosomonas Nm86 [GCF_004340695.1]
Nitrosomonas Nm84 [GCF_003201565.1]
Nitrosomonas Nm166 [GCF_900112825.1]
Nitrosomonas JI21 [GCF_009833095.1]

8J76

0.1

® >90%

Nitrosomonas
cluster 6a

Nitrosomonas Nm51 [GCF_900111165.1]
Nitrosomonas marina [GCF_200110145.1] | Nitrosomonas
Nitrosomonas aestuarii [GCF_003046585.1] cluster 6b
SJ634

Nitrosomonas Nm143[ GCF_003268955.1]

Nitrosomonas cryotolerans [GCF_900143275.1]

Nitrosomonas GH22 [GCF_009833115.1]
Nitrosomonas eutropha [GCF_000014765.1]
Nitrosomonas HPC101 [GCF_009833125.1]
Nitrosomonas stercoris [GCF_006742785.1]] Nitrosomonas
Nitrosomonas europaea [GCF_000009145.1] cluster 7
$J624

Nitrosomonas halophila [GCF_900107165.1]

® E SJ754
Nitrosomonas mobilis [GCF_900103035.1]

Nitrosomonas Nm.34 [GCF_900113925.1]
..I:—I:Nitrosomonas communis [GCF_001007935.1]
—\\ﬁ Nitrosomonas Nm33 [GCF_900107265.1] Nitrosomonas
[Nitrosomonas Nm58 [GCF_900107335.1] cluster 8
Nitrosomonas Nm132 [GCF_800100485.1]
Nitrosomonas nitrosa [GCF_003051105.1]
Nitrosovibrio Nv12 [GCF_003663975.1]
Nitrosospira briensis [GCF_000619905.2]
Nitrosospira multiformis [GCF_000196355.1]
Nitrosovibrio tenuis [GCF_900109785.1]
Nitrosovibrio Nv17[GCF_200119085.1]
Nitrosospira lacus [GCF_000355765.4]

Sulfuriferula nivalis[GCF_009937995.1]
x\_‘:'jsmmrifem\a AH1 [GGF_002162035.1]
Sulfuriferula plumbiphila [GCF_009938015.1]

Supplementary Figure 8: Phylogenetic tree for MAGs classified as Nitrosomonas based on 203

Nitrosospira

single-copy genes. Circles show > 90% ultrafast bootstrap support for a clade. Sulfuriferula was used

as outgroup.
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in bold indicate amoA sequences from this study. Circles show > 95% ultrafast bootstrap support for a
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SUPPLEMENTARY TABLES

Supplementary Table 1: Conductivity and concentration of ions in sidestream and mainstream
wastewater at the Sjélunda WWTP.

Sample Date Conductivity Na* CI° NHst K* PO Mg?* Ca?*  SO4”

YYMMDD mS/cm mM mM mM mM mM mM  mM mM
Mainstream 210117 1.23 399 292 106 039 063 0.79 1.86 1.05
Mainstream 210118 1.23 6.21 4.06 1.69 0.52 0.86 1.00 234 1.20
Mainstream 210119 1.38 7.67 489 196 056 0.76 091 2.48 1.01
Sidestream 210118 6.97 574 3.79 646 2.69 143 198 3.70 0.50
Sidestream 210119 7.32 5.62 3.80 705 277 1.39 194 4.14 0.12
Sidestream 210120 7.13 6.58 437 686 293 151 206 3.99 0.28
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