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S4 Metagenomic and metatranscriptomic analysis

S5 Metaproteomic analysis

S6 Peptidases identification

Figures

Figure S1. Variation of nitrogen components in the influent (ammonium-nitrogen) and effluent
(ammonium-nitrogen, nitrite-nitrogen and nitrate-nitrogen) and nitrogen removal rate of the

PNA reactor.
Figure S2. Color changes of sludge in the studied one-stage PNA reactor.

Figure S3. Characterization of the anammox granules on day 308. a, Image of the anammox
granules. b, Light microscope of the anammox granules. ¢, Size distribution of the anammox

sludge.

Figure S4. Microbial community structures in the anammox sludge samples. The relative
abundance of taxonomic groups is estimated based on the sequence percentage of the total 16S
rRNA sequences in each activated sludge sample at phylum (a) and genus levels (b). The genera
that have relative abundance <1% are assigned to the category of “Others”. The taxonomy was

presented at the lowest level that can be identified.

Figure S5. Plot of differential coverage binning approach, the corresponding relationships
between IDs and MAGs information are listed in Table S1. The coverage of x-axis represents
the mapping coverage of metagenomic data originated from the samples taken on days 204,

210 and 213, and the y-axis represents the mapping coverage of metagenomic data originated
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from the sample of seed sludge.

Figure S6. Comparison of relative abundance in different anammox sludge samples. The
relative abundance (normalized by the genome size) represents the ratio of recruited
metagenomic sequences of one given MAG to the total recruited metagenomic sequences of all

the recovered MAGs.

Figure S7. Relative abundance (weighted) of bacterial community composition assessed by

identified protein. S1-1, S1-2, and S1-3 are the technical repeats of sample S1.

Figure S8. Identified proteins (logio(LFQ intensity)) for nitrogen metabolism in AOB and
anammox bacteria. Proteins that could be assigned to specific ORFs of recovered MAGs were
represented with MAG ids, the proteins with best hits to the UniProt database were represented
with taxonomy (genus level). Differential protein expressions are marked with red asterisk

(ratio >1.2 or <0.83 coupled with a P value <0.05).

Figure S9. Relative gene expression of amino acid transporters in CFX1 and identified
peptidases in dominant organisms. (a) Relative gene expression of amino acid and peptide
transporters in CFX1 throughout the time series, and aligned with the corresponding gene loci.
The wiggly lines indicate ends of the contig, and parallel double lines show a break in locus
organization. Subfamily types of the encoded transporters are represented by color. (b) ORFs
of dominant organisms (relative abundance >1%) were firstly annotated using MEROPS
database, and the potential peptidases were further confirmed by CD search. The locations of
peptidases were predicted by PSORT, and the extracellular, outer membrane and periplasmic
peptidases are shown in this figure. (¢) Dynamics of highly expressed genes throughout the

time series.

Figure S10. Gene expression profiles of ten selected metabolic pathways in the dominant
autotrophs. These were estimated based on the ratios of recruited metatranscriptomic sequences
of genes involved in selected pathways to the total recruited metatranscriptomic sequences of

the corresponding MAGs.
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Methods
S1 Reactor operation

The reactor that was operated in the present study was a modified fermentor (Sartorius
BIOSTAT B, Goettingen Germany). At Stage I, the reactor was operated in continuous mode at
an HRT of 12 hours, which was well controlled by a computer system equipped with pH, level
and DO meters. In order to recover the nitrogen removal rate and avoid the loss of anammox
sludge, the operating mode was adjusted to a sequencing batch reactor (SBR) operating mode.
The PNA reactor was operated with 8 hours, and a fixed exchange ratio of 50% was employed
to achieve an HRT of 16 hours. The 8-hour cycle included 6 min feed phase, 450 min reaction
phase (divided into 3 aerated and 3 non-aerated phases), 4 min settling phase [1], 10 min
discharge phase and a 10 min idle phase (Fig. 1). The temperature of the reactor was operated
at 30°C, and the pH was maintained at between 7.8 and 8.1. The stirrer was set at a speed of 80
rpm to ensure the homogeneous distribution of substrate and biomass and to avoid the
disturbance of anammox granules. The reactor was aerated with large air bubbles during the
aeration phases to avoid excessive dissolved oxygen, which would result in an oxygen-deficient
condition that DO could not be detected in the whole reaction cycle. The reactor was fed with
synthetic influent, containing ammonium as the single nitrogen source, mineral salt, and no
organic carbon. The ammonium concentration was decreased from 250 mg-N/L to 200 mg-N/L
on the 16" day and increased to 250 mg-N/L on the 171% day. The mineral medium in the
synthetic influent was made as follows: 40 mg/L. KH>PO4, 107 mg/L Na,HPO4-12H,0, 150
mg/L CaCl-2H,O, 25 mg/L MgCl,-6H>O, and 1 mL/L trace element (8.304 g/L
Naz EDTA-2H>0, 5.000 g/L FeSO4-7H20, 0.215 g/L ZnSO4-7H20, 0.120 g/L CoCl,-6H>0,
0.495 g/L MnCl>-4H20, 0.125 g/L CuSO4'5H>0, 0.110 g/L Na;MoO4-2H>O, 0.095 g/L
NiCl2-6H20, 0.078 g/L NaxSeOs, 0.007 g/L H3BOs) [2].

S2 DNA and RNA extraction and sequencing

For the triplicate samples from 3 independent reaction cycles, 1.5 mL of anammox sludge (3500

mg volatile solids /L, VS/L) was used to extract the total RNA with MoBio RNA PowerSoil
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total RNA isolation kit (MoBio, USA), resulting in 24 total RNA samples for
metatranscriptomic sequencing. The corresponding DNA was then eluted using the RNA
PowerSoil DNA elution accessory kit (MoBio, USA), and DNA samples obtained from each
reaction cycle (8 samples) were equally mixed based on the DNA concentration, resulting in 3
DNA samples for metagenomic sequencing. Quantities and qualities of genomic DNA and total
RNA were checked using the Nanodrop ND 1000 (Thermo Fisher Scientific, USA) and Agilent

2100 Bioanalyzer (Agilent, USA).

For the extracted total RNA samples, the residual genomic DNA was removed using PureLink
DNase set (Life Technologies, NY, USA), and the non-rRNA were enriched using Ribo-Zero
rRNA Removal Kit for bacteria (Illumina, CA, USA). Reverse transcription was performed
using SuperScript II Reverse Transcriptase (Life Technologies, NY, USA) with an initial
annealing of random hexamers (Thermo Fisher Scientific, PA, USA), and the complementary
DNA (cDNA) was purified with Ampure XP beads (Beckman Coulter, IN, USA), followed by
second-strand synthesis. The finally constructed double-stranded cDNA fragments were further

processed for library construction.
S3 Protein extraction, trypsin digestion, and mass spectrometry analysis

All samples were concentrated to 7000 mg VS/L for protein extraction. The protein extraction
was extracted using the B-PER extraction method. 1.5 mL sludge sample was centrifuged at
15,000 g for 15 min at 4 °C. Discarded the supernatant and resuspended the pellet in 1 mL of
B-PER extraction buffer (77 mg of dithiothreitol (DTT), 1 tablet of Complete Mini protease
inhibitor, 10 mL of B-PER reagent) [3, 4]. Samples were placed at -80 °C for 1 hr, thawed and
incubate for 1 hr on ice. Cells are lysed by bead beating (4 cycles for 40 s at 6 m/s with 2 min
breaks on ice) using FastPrep-24™ Homogenizer (MP Biomedicals, California, USA). Samples
were centrifuged at 15,000 g for 15 min at 4°C to remove cell debris and the supernatant was
transferred to a fresh 2.0 mL tube. The 50:50:0.1 acetone/ethanol/acetic acid was added to the
supernatant (1.5 mL) and incubated at 4 °C for overnight to precipitate proteins. Centrifuge the
samples at 15,000 g for 20 min at 4 °C to collect the protein pellets. The obtained protein pellets

were washed thrice in 200 pL 100% ice-cold acetone and centrifuged at 20,000 g at 4 °C for 20
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min every time[5]. Remove the supernatant and freeze-dry (Heto Drywinner 3), the dried
samples were stored at -80 °C until LC-MS analysis. For the tryptic digest, 50 pg proteins were
reduced and alkylated with 10 mM dithiothreitol and 20 mM iodoacetamide, respectively. One
microgram of trypsin (Worthington Biochemical Corp., Lakewood, NJ) was then added to each

sample for in-solution trypsin digestion at 37 °C overnight with agitation.

The separation of tryptic peptides was performed on an analytical column (75 um x 50 cm)
packed with reverse phase beads (1.9 um; 120-A pore size; Dr. Maisch GmbH, Ammerbuch,
Germany) with 4-hour LC gradient from 5 to 35% acetonitrile (v/v) at a flow rate of 200 nl/min.
The instrument method consisted of one full MS scan from 300 to 1800 m/z followed by data-
dependent MS/MS scan of the 12 most intense ions. A dynamic exclusion repeat count of 2 and
repeat exclusion duration of 30 s was used for ion selections. All data were recorded with the

Xcalibur software and exported as .raw format for further metaproteomic data analysis.
S4 Metagenomic and metatranscriptomic analysis

The shotgun sequences were quality controlled using CLC Genomics Workbench (v6.04,
CLCBio, Qiagen) to get clean reads (average Q value >30) for downstream de-novo assembly.
The clean reads were co-assembled using CLC’s de novo assembly algorithm (CLC Genomics
Workbench v6.04, CLCBio, Qiagen) with a k-mer of 35 and a minimum scaffold length of 1
Kbp. To get the coverage of scaffolds for genome binning, the metagenomic reads from
anammox sludge samples (seed vs integrated data of days 204, 210, and 213) were mapped to
co-assembled scaffolds with a similarity fraction of 90% over an 80% read length. Mapping
was performed with random nonspecific matches if a read aligned to more than one position
with equally good scores. The mapping results were then used to calculate the average coverage
of assembled scaffolds. Two-dimensional coverage binning approach was used to retrieve the

MAGs of the microbial community member in anammox sludge [6].

After trimming the 15 bp low-quality region at the 3’ end, the paired-end metatranscriptomic
reads were quality filtered. The high quality (average quality score >30) metatranscriptomic

reads were subsequently screened using SortMeRNA v2.1 to remove the rRNA sequences based
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on the multiple rRNA databases for bacterial, archaeal and eukaryotic sequences [7, 8]. The
non-rRNA reads (ranging from 56 to 73 million) from 24 anammox sludge samples were
mapped to all predicted ORFs of the co-assembled contigs using the read mapper of the CLC
genomics workbench (v6.04, CLCBio, Qiagen) with a mismatch penalty of 2, an

insertion/deletion penalty of 3 and a 95% identity over 90% of the read requirement.

The overall gene expression value of a MAG was estimated based on the proportion of recruited
metatranscriptomic reads of all ORFs of given MAG to the all of the reads that mapped to the
ORFs of the recovered 49 MAGs. To estimate relative gene expression of a metabolic pathway
in recovered MAG, relative gene expressions (relativized by median TPM values across all
ORFs within given MAG) of ORFs that involved in given metabolic pathway were averaged

by the identified gene number.
S5 Metaproteomic analysis

For the construction of the taxonomy-guided database, protein entries of all the MAGs affiliated
genera/families (Supplementary Table S1) were retrieved from UniprotKB database (protein
sequences were downloaded at March 11, 2018). In addition, a non-redundant gene catalog
predicted genes from the assembled metagenome. The gene catalog was then combined with
the retrieved protein sequences from UniprotKB for database search using MetaPro-1Q

approach as previously described [5].

Taxonomic and biodiversity analysis of metaproteome data was performed using Unipept [9].
KEGG annotation of the quantified proteins was performed using GhostKOALA [10]. The
KEGG annotation of the leading protein (defined as the top rank protein in a group; the ranking
is based on the number of peptide sequences, the number of PSMs, and the sequence coverage)
in a protein group was used for quantitative analysis. The LFQ intensity of all protein groups

annotated with the same KEGG pathway were summed to represent the pathway abundance.
S6 Peptidases identification

The peptidases were identified based on the BLASTP searches against the MEROPS (release

12.0) [11]. The best hits of BLASTP results were filtered and the genes that shared similarity
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at >50% with the database were further extracted to be confirmed using the conserved domain
search (CD-search) [12], and the genes with peptidase domain regions were finally identified

as peptidases.
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222  Figure S9. Relative gene expression of amino acid transporters in CFX1 and identified
223  peptidases in dominant organisms. (a) Relative gene expression of amino acid and peptide
224 transporters in CFX1 throughout the time series, and aligned with the corresponding gene loci.
225  The wiggly lines indicate ends of the contig, and parallel double lines show a break in locus
226  organization. Subfamily types of the encoded transporters are represented by color. (b) ORFs
227  of dominant organisms (relative abundance >1%) were firstly annotated using MEROPS
228  database, and the potential peptidases were further confirmed by CD search. The locations of
229  peptidases were predicted by PSORT, and the extracellular, outer membrane and periplasmic
230  peptidases are shown in this figure. (c) Dynamics of highly expressed genes throughout the

231  time series.
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