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Annotation Procedure of Nitrogen-removing Microbes

Table S1. Description of entry fields used to annotate BNR microbes based on functional genes
that encode functional enzymes involved in BNR processes.

Field Name Description
GenBank ID Unique database identifier for a particular key gene
Microorganism Microorganism that possess the key gene

Isolation Source

Taxonomy
Encoding Gene

Enzyme Name

DNA size(bp)
Nucleotide FASTA sequence

UniProtKB ID

Protein GenBank IB
Length (aa)

Protein FASTA sequence

Reference

Title

PMID
Research Link
Abstract

The geographical source of the organism from which the
sequence was derived

Identification and Classification of the microorganism
Approved name of the gene

Approved common name of the protein encoded for by the
gene

Size of the DNA of the gene

External link to NCBI to access the nucleotide sequence of the
gene in FASTA format

External link to UniProtKB database
External link to the NCBI protein sequence
Number of amino acids in the canonical sequence

External link to the NCBI amino acid sequence of the gene in
FASTA format

Name of authors of the research article

The name of the academic paper that summarizes the main
ideas of the study

External link to PubMed
External link to full article

Quick overview of the academic paper




Table S2. Description of fields used to annotate nitrogen-removing microbial strains based on

16S rRNA gene analysis.
Field Name Description
GenBank ID Unique database identifier for BNR microbe identified by their
ability to be involved in any of the BNR processes
Microorganism Microorganism that has the ability to perform BNR

Isolation Source

Taxonomy

Electron Donor/ Energy
Source

Final product

Respiration

Electron Acceptor
Reference

Title

PMID
Research Link
Abstract

The geographical source from which the microorganism was
taken

Identification and Classification of the microorganism

A reactant that donates electrons in an oxidation-reaction in an
oxidation-reduction reaction

The intermediary and final end products of the BNR process
under study

Ability of the BNR microbe to perform BNR proccesses in
anaerobic or aerobic conditions

The nitrogenous compound/ intermediate consumed or reduced
Name of authors of the research article

The name of the academic paper that summarizes the main
ideas of the study

External link to PubMed
External link to full article

Quick overview of the academic paper




Explore and browse interface

Biological Nitrogen Removal Database

A manually curated data resource for microbial nitrogen removal
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Paste a Sequence | | Paste a Sequence | |
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>ABD78378.1 nitric oxide reductase, partial [Pseudomonas mandelii
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GATTGGTGCTCCTGAGGTCTGGTTGTGGGTGGGTTCAATCTTCTCGGCACTCGAGCCGCTACCCTTCCTG
TCGCCTTCAGCATGGTCAAGAACCGTCGGCGGGACCACCCGAACCGCGCGGCCACGT
TGTGGGCCAAGGGCACCACGGTCACCGCTTTCTTCGGCGCTGGCGTCTGGGGT
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ABD78366.1  LIMGSMLAFVLI YVIIAM
ABD78367.1  LIMGSMLAFVL
ABD78368.1  LIMGSMLAFVLI
ABD78369.1  LIMGSMLAFVLI
ABD78370.1  LIMGSMLAFVLI YVIXAM

>ABD78366.1 nitric oxide reductase, partial [Pseudomonas sp. PD 6]
LIMGSMLAFVL YVIAMALL EPLPFL

>ABD78367.1 nitric oxide reductase, partial [Pseudomonas mandelii
LIMGSMLAFVL YVXXAMALI EPLPFL

Submit

=

Figure S1. Overview of the BNRdb user-interface to access data. (A) BLAST search and (B)
HMMER Users can perform local similarity searches between nucleotide and protein sequences,
respectively. (C) Multiple sequence alignment using Clustal O. (D) User can use the simple
phylogeny to infer homology and the evolutionary relationship between the sequences studies by
submitting their aligned sequences either by pasting it in or uploading the file with the aligned

sequences.



BLAST search results

—

Download

>0Q420249.1 Pseudomonas mandelil isolate PO 2 nitric oxide reductase (cnor8) gene, partial cds CTGATCATGGGTTCGS
G TCTACGTG COCCATOICGCTGATAL GUGGATCATCGGTACCGGTCACCACTICTICTG

GATTGGTGCTCCTGAGGTCTGTTGTGRGTGAGT TTCTCOGCACTCOAGCCGC TACCCTTECTG

GCGATGGTGATATTCGCCT TCAGCATGGTCAMGAACCGTCOGC GUGAC CACCCOARC COCUC GUCCACK

TGTGGGCCAAGGGCACCACGGTCACCGCTTTCTTCGACGCTGGCGTCTGGGTBLASTN 2.10.0¢

Reference: Zheng Zhang, SCOtt Schuartz, Lukas Wagner, and Nebd
1igning ONA sequences™, )

Database: ../Nuc.fasta
9,389 sequences; 8,654,786 tota

Querys DQ420249.1 Pseudomonas mandelii isolate PD 2 nitric oxide reductase
(cnor8) gene, partial cds
TGGGTTCGATGC TGACC TTCGTCCTGATCAGATCACCOGTGTGRACCOGGAGGTCGTGGA

Score E
Sequences producing significant alignments: (Bits) Value
a { (c)
DQ420249.1 Pseudomonas mandelii isolaté PD 2 nitric oxide reducta... 486 6e-138
0Q420239.1 Pseudomonas grimontii isolate PD 9 nitric oxide reduct... 484 2e-137
DQ420251.1 Pseudomonas mandelii isolate PD 3@ nitric oxide reduct... 481 3e-136
0DQ420242.1 Pseudomonas sp. PD 13 nitric oxide reductase (cnorB) g... 448 3e-126
0DQ420248.1 Pseudomonas sp. PD 22 nitric oxide reductase (cnorB) g... 444 4e-125
0Q420247.1 Pseudomonas sp. PD 21 nitric oxide reductase (cnorB) g... 379 le-105
0Q420237.1 Pseudomonas sp. PD 6 nitric oxide reductase (cnor8) ge... 379 le-105
: DQ420245.1 Pseudomonas sp. PD 16 nitric oxide reductase (cnor8) g... 370 6e-103
DQ420246.1 Pseudomonas migulae isolate PD 17 nitric oxide reducta... 357 S5e-99
DQ420252.1 Pseudomonas kilonensis isolate PD 31 nitric oxide redu... 320 6e-88
DQ420244.1 Pseudomonas lini isolate PD 15 nitric oxide reductase ... 318 2e-87
DQ420253.1 Pseudomonas brassicacearum isolate PD S nitric oxide r... 316 8e-87
0DQ420236.1 Pseudomonas brassicacearum isolate PD 4 nitric oxide r... 316 8e-87
0Q420241.1 Pseudomonas lini isolate PD 11 nitric oxide reductase ... 315 3e-86
0DQ420243.1 Pseudomonas sp. PD 14 nitric oxide reductase (cnorB) g... 274 Se-74
\.

>00420230.1 Pseudomonas grimontil isolate PO 9 nitric oxide reductase
(cnore) gene, partial cds

Lengthe33

Score = 484 bits (262), €xpect = 2e-137

Identities = 262/262 (100%), Gaps = 0/262 (€X)

StrandsPlus/Plus

Query 1 AATGGCTCTACGTGATCATCGCCATGACGC TGATAACGGGGATCATCGGTACCOGTCACE 60
Sbjct 71 AATGGCTCTACGTGATCATCGCCATGGCGC TGATAACGGGGATCATCUGTACCGGTCACC 130
Query 61  ACTTCTTCTGGATTGGTGCTCCTGAGGTCTGGTTGTGGGTGGGTTCAATCTTCTCGACAC 120
Sbjct 131 ACTICTTCTGOATTOGTGCTCCTGAGGTCTGGTTGTGUGTGAGT TCAATCTTCTCAICAC 190
Query 121 TCGAGCCGCTACCCTTCCTGGCGATGGTGATATTCGCCTTCAGCATGGTCARGAACCGTC 180
Sbjct 101 TCGAGCCOCTACCCTTCCTGACGATGGTGATATTCGCCTTCAGCATGGTCAAGAMCCGTC 250
Query 181 GGCGGGACCACCCGAACCOCGCGACCACHC TGTGGGCCAAGGGCACCACGGTCACCGCTT 240
Sbjct 251 GOCOGGACCACCCOAMCCUCICUGCCACHC TGTOGUCCAMGUGCACCACOGTCACCCTT 310
Query 241 TCTTCGGCGCTGACGTCTGRGG 262

Sbjet 311 TCTTCOOCOCTGICGICTCOG6 332

Figure S2. Description of fields of the BLAST hits on the query sequence. (1) the header of the
BLAST report: the top line shows information about the query sequence. The scientific article that
describes BLAST is then cited. Followed by the summary of the database searched. The length of
the query sequence is also shown. (2) the one-line description in the BLAST report: Each line has
four fields (a) accession number; (b) description of sequence; (c) the score of the alignment in bits.
Hits found at the top of the list have a higher score; (d) with the E-value providing an estimate of

statistical significance. (3) Pairwise sequence alignment from the BLAST report. The alignment is



preceded by the accession number, description line and the length of the matched sequence in
nucleotides. This is followed by the bit score (with the raw score shown in parenthesis) and the E-
value. Next comes the line which shows information concerning the number of identical residues
in the pairwise alignment (identities) and the number of gaps the alignment has if any. Lastly, the
actual alignment is displayed, with the query sequence on top and the database sequence match
below (which labelled Sbjct). The numbers on the left and right help show the position in the
nucleotide sequence. Note that (-) indicates deletions and insertions within the sequence.
Similarities between the sequences are indicated by a line between the two sequences. If the query
and subject sequence do not have similar nucleotide bases at a given point the area between the

two sequence is presented as blank.

The phylogenetic tree obtained in Phylotree.js

ABD78370.1
LABD78369.1
| "TABD78367.1
o |_4ABD78371.1
¢ TABD78368.1
- ABD78372.1
ABD78366.1

Figure S3. The phylogenetic tree obtained in PHYLIP for microbial denitrifiers that possess the

nitric oxide reductase gene using the example sequences provided as references to use in BNRdb.
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Anammox

Experimental setup

Influent:Synthetic wastewater

Anammox system:Sulfate-dependent anaerobic ammonium oxidation

Anammox reactor:Up Flow - Anaerobic Sludge Blanket Reactor (UASB) reactor

Medium:Carmine granular sludge

Culture taken from:Anaerobic granular sludge taken from a paper mill wastewater treatment plant
Microorganism cultured:nan

Respiration:Anaerobic

Electron donor:Ammonium sulfate (NH.)2SO4)

Electron acceptor:Sodium Nitrite (NaNO;)

PH:6.8-7.0

sludge i .0-57.7
HRT:0.2 h
NH4-N Influent conc(mg/L):300
NO2-N Influent conc(mg/L):360

S04-S Influent conc(mg/L):nan

Experimental Information

NH,-N Removal efficiency (%):90
NO,-N Removal efficiency (%):nan
S04-S Removal efficiency (%):nan
NLR kg-N/m3/d:89.1

NRR kg-N/m?/d:74.3-76.7

Information about Article

Major findings:Super high nitrogen removal rate performance observed

Authors:Tang et al, 2011

Title:Performance of high-loaded ANAMMOX UASB reactors containing granular sludge
Pubmed link:Link

Full research link:Link

Abstract:The performance of high-loaded anaerobic ammonium oxidizing (ANAMMOX) upflow anaerobic sludge bed (UASB) reactors was investigated. Two
ANAMMOX reactors (R1 with and R2 without effluent recycling, respectively) were fed with relatively low nitrite concentration of 240 mg-N L(-1) with
subsequent progressive increase in the nitrogen loading rate (NLR) by shortening the hydraulic retention time (HRT) till the end of the experiment. A super
high-rate performance with nitrogen removal rate (NRR) of 74.3-76.7 kg-N m(-3) day(-1) was accomplished in the lab-scale ANAMMOX UASB reactors, which
was 3 times of the highest reported value. The biomass concentrations in the reactors were as high as 42.0-57.7 g-VSS L(-1) with the specific ANAMMOX
activity (SAA) approaching to 5.6 kg-N kg-VSS(-1) day(-1). The high SAA and high biomass concentration were regarded as the key factors for the super high-
rate performance. ANAMMOX granules were observed in the reactors with settling velocities of 73-88 m h(-1). The ANAMMOX granules were found to
contain a plenty of extracellular palymers (ECPs) such as 71.8-112.1 mg g-VSS(-1) of polysaccharides (PS) and 164.4-298.2 mg g-VSS(-1) of proteins (PN).
High content of hemachrome (6.8-10.3 ?mol g-VSS(-1)) was detected in the ANAMMOX granules, which is supposed to be attributed to their unique carmine
color.

.
Figure S4. Screenshot of the BNR treatment systems experimental methods and conditions. (1)
Experimental setup. (2) Experimental results in nitrogen removal from the system. (3) Literature

information is provided with links to external databases.



Bioreactor Page

Biological Nitrogen Removal Database

A manually curated data resource for microbial nitrogen removal

Fluidized Bed Reactor

Biological nitrate removal employing the use of fl bed reactors (FBR) is a highly efficient treatment regime for nitrate removal. It is used in

treatment of nitrate contaminated groundwater meeting drinking water standards. 2

Auidized i

e medium, usually sand. The sma crobes can grow, producing a large
biomass inventory whilst maintaining thin flms, minimizing any mass transfer limitations. This large biomass inventory, spread out in thin films.
provides the system’s high velumetrc efficiency. For removal of nitrate, the biomass is o afh 9 bacteria that canvert
nitrate to nitregen gas using carbon as a source of energy. The influent is fed into the lower portion of the reactor whers it is mixed with = carbon

With the following water where it disengages and sscapes to the atmosphere. Fluidized bed reactors are gensrally very large and are capable of
accommodating high and/or fluctuating nitrate levels, making them an ideal system for groundwater remediation applications. This is primarily
ing the mitrate load to the reactor. The required amount of carbon

for applications where The nitrate concentration in the feed water is relatively steady, the addition of carbon source can simply be pa
system propertional to the feed How. An important aspect when designing a fluidized bed reactor is the catalyst half-lite. A majority of fluidized bed

reactors tend to have a separate compartment to regenerate the catalyst
Granular activated carbon (GAC)

Tower fermentor I

Upflow anasrebic sludge blankst reactor

Sand

Bons china fine granules

Supported film fermenter
Aerobic recycle reactor
Three-phase asrobic reactor

Tapered bed

= No backwashing is required. and thers is no burping’ that can occur, such as with static denitrification filtars. 5

- Catalyst is casily replaced or regenera

= Uniform temperature gradients: Many chemical reactions require the addition or removal of hest. Local hot or cold spots within the reaction
bed, often a problem in packed beds, are aveided in a fluidized situation such as an FBR.

- Ability to operate reactor in continuous state: The flus

cd bed nature of these reactors allows for the ability to continuously withdraw
product and introduce new reactants inte the reaction vessel. Operating at a continuous process state allows manufacturers to produce their
various products mere efficiently due to the remeval of startup conditions in batch processes

- Uniform particle rr Due to the intrinsic fluid-like behavior of the solid material, fluidized beds do Not experience PoOor IF

packed beds. This complete mixing allows for a Uniform procuct that can often be hard to achieve in other reactor designs.

- ive o and Because of the expansion of the bed materials in the reactor, a larger vessel is often «o . than that
tor a packed bed reactar. This larger vessel means that mere must be spent on initial capital costs.

= Catalyst may be deactivated: Fluidized beds are inherently conf sactors, they share the back
i ik b | e e D S M e i s R i o o il s
Together with the oxygen transfer problem.

rosion of intemal components: The fuid-like behavior of the fine solid particles within the bed eventually results in the wear of the reactor
vessel. This can require expensive maintenance and upkeep for the reaction vessel and pipes.

- Large pres

ure draps eccur If Huidization press.

is suddenly Iost, the surtace area of the bed may be suddenly reduced

- Particl. : The high gas present in this style of reactor often result in fine particles becoming entrained in the fluid. These
captured particles are then carried out of the reactor with the fluid, where they must be separated. This can be a very difficult and expensive
problem to address depending on the design and function of the reactor.

Pumping reguirements and pressurs drop: The requirsment for the fuid 1o suspened the solid material necessitates Ut s higher fuid velocis
i attained in the reactor In ord

Lo achiove this, more pumping power and thus higher energy costs are needed. In ade o pressure

drop associated with decp beds also requires additional pumping power.

Municipal wastewaters
Groundwater

Industrial wastewaters

- A Muigized bed reactor (AR system that is operational i Sen Dicqo, Calitornia a1 Kinder Morgan Encray Partners Mission Vatley has the
capacity to remove nitrates from v 0.5 million Gallon per day (MGD) whilst reducing influent nitrate levels
0 ma/L nitrate. The system is designed to provide a final treatment step for impacted groundwater pumped from an aguifer

pricr ta dischargs to the watershed.

 Anather fluidized bed reactar was setup by Emvirangen in the city of Pamena, California to remove nitrates from groundwater well. The
system brought the wells within 1 < for portable e. The treatment system ensured a clean, reliable, economical.
local source of drinking water for the (‘\(y, i 508000 challme frr iy i toated

« In HiDesert Water District, California a fluidized bed reactor was incorporated to remedy the groundwater which contained high
concentration levels of nitrate as a result of the nitrates generated by the septic systems in the area. A 2,500-gallons per minute nitrate
removal facility was crmployed which delivered up (o 2.8 million gallons of safe drinking water daily 16 the peoples of those communi

o -

- https/Amwwenviregen.com/

- s e wa e

Figure S5. Screenshot display of the bioreactor display section using Fluidized Bed Reactor as an
example. (1) General description. (2) Basic operation. (3) Carriers commonly used. (4) Variations.
(5) Benefits of the reactor system (6), and Limitation associated with its use. (7) Possible

applications. (8) Trailed configurations. (9) Further reading.
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SUBMIT

The Biological Nitrogen Removal Database offers a submission page that enables other researchers to
submit their data about novel nitrogen-removing microbial communities. The submitted record will be
evaluated and uopn acceptance your data will be uploaded into the database. Your data will be
scheduled for public release when the updated version of the database is released.

Submission Form

To submit, please take the time to fill out the information below.

Person First Name Last Name

Email*:

Pubmed ID:
Add manuscript ID
Microorganism:
Add answer here
Isolation source
Add answer here

Description:

Add description here

Figure S6. Screenshot of the submission page. An interactive data submission feature is
incorporated into the BNRdb, to generate clean and uniform data sets that can be useful to other
users. Contributors who wish to submit new data sets related to BNR, which is not already included
in the database, can use this feature following the submission guidelines that have been devised.
The administrator/curator may then contact the authors who submitted a new dataset to be the
editor of that particular dataset and engage in reviewing any inaccurate or potentially missing data
during the validation stage. The curator of the database will then upload the new dataset after its

systematic validation.



