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Reactor Description and Operation

Figure S7 depicts the architecture of an HDBR system. The reactor (Reactor) was constructed
with the addition of two ports (hose barbs) to a 1000 mL graduated cylinder, one at the 100 mL
level and the other at the 1000 mL level. Reactor fluid is pumped through the bottom port and
flows upwards through the reactor. Fluid leaving through the top port is directed to the recycle
vessel (RV). The RV was constructed with the addition of two ports (hose barbs) to a 600 mL
beaker, one at its base and the other at the 500 mL level. An aquarium aerator (A) provides
aeration and mixing within the RV. Influent is pumped from the influent vessel (I) to the RV.
Reactor effluent leaves the RV through its top port and is sent to a receiving waste container
(W). The combination of upflow reactor design and fine control of recycle and mixing within the
reactor allow for the establishment of a dense biomass zone (BZ) within the reactor vessel and
eliminates the need for external settling or separation to be carried out. No biomass wastage
was needed or carried out for the duration of the experiment.

Using the peristaltic pump controls, the reactor’s influent flow rate was set to 1.5 mL min™ (0.09
L hr*) and the recycle rate was set to 72.5 mL min™ (4.35 L hr'"), establishing a recycle ratio of
49.3. The total volume of the reactor, recycle vessel, and tubing is estimated to be 1600 mL; the
hydraulic residence time for this reactor is 17.8 hr. A comprehensive discussion of the HDBR
system and it’s adaption to a PBR configuration appears in Price et al, 2015*.

Sample Collection and Analytical Analysis

Influent and effluent samples were collected daily from the reactor influent and mixing vessels,
vacuum filtered, and stored at -4° C. A Shimadzu Prominence HPLC/IC (Shimadzu Scientific
Instruments, Columbia, MD) was used to analyze the samples for N species concentrations.
NH," concentrations were determined using a Shodex IC YS-50 cation column (Shodex, NY,
NY), with a flow rate of 1.0 mL min™, column oven temperature of 40° C, and a mobile phase
composed of 4 mM Phosphoric acid. NO,  and NOj3™ concentrations were determined using a
Shodex SI-52 4E anion column (Shodex, NY, NY), with a flow rate of 0.8 mL min™*, column
oven temperature of 45° C, and a mobile phase composed of 3.6 mM Na,COs.

Biomass Measurement

Biomass density was determined at the beginning and end of each reactor influent condition via
standard methods® as previously described®. The biomass values for dates between measurement
days were linearly interpolated between the beginning and end values within the applicable
condition. Some conditions lacked starting biomass measurements. In this case, the biomass
value obtained at the end of a condition was extended backwards a maximum of 3 days. This
enabled the addition of 4 points to the set, while minimizing noise induced from poorly realized
biomass values.

Light and Scanning Electron Microscopy

Microbial samples were collected from the HDBR and observed using both light and scanning
electron microscopy. Micrographs were analyzed using ImageJ image processing software
(www.http://imagej.nih.gov/ij/) and features such as length, shape and diameter of objects found
in light microscopy and SEM pictures were matched.



A Leitz Diaplan bright field microscope was initially used for exploratory work on undiluted
samples. The high density of the flocs impaired the passage of light and impaired the quality of
the image. Dilution of the sample and disruption of the flocs, via gentle pipetting, improved the
image quality and resolution but interfered with observing the internal structure of the flocs.
Observation under a Zeiss Axioskop 50 differential interference contrast (DIC) microscope
resulted in much better resolution and enabled the tentative identification of single algal units.

SEM samples were collected and the biomass was allowed to settle overnight. Supernatant was
decanted and the remaining biomass was slowly freeze dried for three days at a vacuum pressure
of 0.21 mBar, a chamber temperature of -40° C, and sample temperature of 6° C. A small sub-
sample was coated with Platin-Palladium solution for 15 seconds at 40mA using a Cressington
208HR sputter coater (Cressington Scientific Instruments, Watford, England), flushing the
chamber two times with Argon before starting. Examination used a Zeiss Supra 50 VP field
emission scanning electron microscope (Carl Zeiss Group, Oberkochen, Germany) at an
acceleration voltage of 10 kV and working distances varying from 9 to 12 mm.

gPCR Standard Targets

Total Bacteria (16S rDNA) Target

>gi|16226005|gb|AF420301.1| Uncultured bacterium 16S ribosomal RNA
gene, partial sequence
ATGGCTGTCGTCAGCTCGTGCCGTGAGGTGTTGGGTTAAGTCCCGCAACGAGCGCAACCCCTGCTTTCAG
TTGCTACCGGGTCATGCCGAGCACTCTGAAAGGACTGCCCAGGAGAACGGGGAGGAAGGTGGGGGTGACG
TCAAGTCAGCATGGCCTTTATGCCTGGGGCCACACACGTGCTACAATGGCCGGTACAAAGCGCTGCAAAC
CCGTGAGGGGGAGCCAATCGCAAAAAACCGGCCTCAGTTCAGATTGAGGTCTGCAACTCGACCTCATGAA
GGCGGAATCGCTAGTAATCGCGGATCAGCACGCCGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCC
CGTCACACCACGAAAGCCTGTTGTACCTGAAGTCGCCCACGCCAACCGCAAGGAGGCAGTGCCCACGGTA
TGGCCGGTGATTGGGTG

Chlamydomonas reinhardtii (rbcL) Target
CAGCAACGAAAAGGAAACGGTCACGCCAACGCATGAATGGTTGTGAGTTTACGTTTTCGTCGTCTTTAGT
AAAGTCAAGACCACCACGTAAACATTCATAAACTGCACGACCG

Parachlorella kessleri (rbcL) Target
ACAACCTAAAAGAGCACGACCGTATTTGTTAAGTTTATCACGTTCAACTTGAATACCATGTGGAGGCCCT
TGGAATGTTTTTACATATGCTGGTGGAATACGAAGATCTTCTAAACGTAATGCACGAAGTGCTTTGAAAC
CAA
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Table S1: Specific Loading Rates

Specific Loading
(mg -N hr-1 g BM-1)

Influent Biological

Index Condition  NH4+ NO3-  Sample Id
1 2 1.66 0.00

2 2 1.49 0.00

3 2 1.57 0.00

4 2 1.22 0.00 C2
5* 3 1.17 0.43 C3
6 4 0.54 0.33

7 4 0.48 0.31

8 4 0.53 0.32 C4
9 5 0.46 1.36

10 5 0.51 1.44

11 5 0.45 1.15

12 5 0.53 1.47

13 5 0.46 1.29

14 5 0.43 1.33

15 5 0.53 1.31

16 5 0.40 1.02

17 5 0.38 0.91

18 5 0.48 1.35 C5
19 8 0.67 0.81

20 8 0.74 0.87

21 8 1.37 1.64

22 8 0.99 1.03

23 8 0.88 0.97

24 8 0.72 1.17 C8
25 9 0.50 0.00

26 9 0.54 0.00

27 9 0.49 0.00

28 9 0.32 0.06

29 9 0.27 0.07

30 9 0.27 0.06

31 9 0.34 0.07

32 9 0.41 0.09

33 9 0.52 0.10

34 9 0.86 0.11

35 9 0.78 0.12

36 9 0.91 0.10

37 9 0.82 0.13

38 9 0.85 0.12

39 9 0.85 0.13 C9

* Not used for regression analysis
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Table S2: Biological samples and extracted DNA concentrations

Influent Total Biomass Biomass Biological DNA Conc
Condition Biomass Volume Density Replicate
[9] [L] [9/L] [ng/pL]

2-1 10.1

2 1.85 0.79 2.34 2-2 11
2-3 8.66
3-1 12.5

3 1.76 0.58* 3.03 3-2 9.75
3-3 17.2
4-1 14

4 1.69 0.70 2.41 4-2 14
4-3 10.2
5-1 7.62

5 1.24 0.80 1.55 5-2 6.96
5-3 6.84
8-1 17.3

8 1.44 0.76 191 8-2 19.7
8-3 17.7
9-1 1.79

9 0.90 1.00** 0.90 9-2 2.18
9-3 2.12

* Estimated biomass value
** Biomass was suspended for biological and biomass density sampling.




Table S3: MG-RAST Project Data and Quality Control Statistics

Sequencing Technology

Illumina HiSeq 2500

Project Name p_reactor
Metagenome Name CSJP002B CSJP002C
MG-RAST Metagenome 1D 4632722.3 4632723.3
Upload: bp Count 6,609,374,438 5,276,493,424
Upload: Sequences Count 23,098,919 18,378,192
Upload: Mean Sequence Length (bp) 286 £ 67 287 £ 68
Upload: Mean GC (%) 54 +14 56 + 14
Artificial Duplicate Reads: Sequence Count 1,099,951 574,241
Post QC: bp Count (bp) 4,336,518,992 3,575,544,668
Post QC: Sequences Count 19,488,329 15,917,436
Post QC: Mean Sequence Length (bp) 222 £ 93 224 + 93
Post QC: Mean GC percent (%) 54 + 14 55+ 13
Processed: Predicted Protein Features 10,089,146 8,090,086
Processed: Predicted rRNA Features 169,962 135,175
Alignment: Identified Protein Features 4,281,784 3,365,875
Alignment: Identified rRNA Features 3,733 3,461
Annotation: Identified Functional Categories 3,376,080 2,633,453




Table S4: qPCR Primers

Target Organism  Target Loci  Primer/Target  Sequence Reference
6
Tot Bac 165 1055f ATGGCTGTCGTCAGCT -
1392r ACGGGCGGTGTGTAC '
Chlamydamonas rhel. rbcL_cr F CAGCAACGAAAAGGAAACGG this study
reinhardtii rbcL_cr R CGGTCGTGCAGTTTATGAATG this study
Parachlorella .y rbcL_pk_F ACAACCTAAAAGAGCACGACC this study
kessleri rbcL_pk R TTGGTTTCAAAGCACTTCGTG this study
CTO189fA/B GGAGRAAAGCAGGGGATCG 8
AOB 16S CTO189fC GGAGGAAAGTAGGGGATCG 8
CTO654R CTAGCYTTGTAGTTTCAAACGC 8
amoA-1F GGGGTTTCTACTGGTGGT ®
AOB amoA 9
amoA-2R CCCCTCKGSAAAGCCTTCTTC
: FGPS872 TTTTTTGAGATTTGCTAG 10
Nitrobacter sp 16S 10
FGPS1269' CTAAAACTCAAAGGAATTGA
_ NxrB 1F ACGTGGAGACCAAGCCGGG H
Nitrobacter sp nxrB 1
NxrB 1R CCGTGCTGTTGAYCTCGTTGA
: . NSR1113f CCTGCTTTCAGTTGCTACCG 12
Nitrospira sp 16S 12
NSR1264r GTTTGCAGCGCTTTGTACCG
o _ nirk 1F GGMATGGTKCCSTGGCA 1
denitrifiers nirK _ 13
nirk 5R GCCTCGATCAGRTTRTGGTT
s . nirS cd3AF GTSAACGTSAAGGARACSGG 1
denitrifiers nirS _ 14
nirS R3cd GASTTCGGRTGSGTCTTGA
o cnorB-2F GACAAGNNNTACTGGTGGT o
denitrifiers nor 15
cnorB-6R GAANCCCCANACNCCNGC
I nosZ-F CGYTGTTCMTCGACAGCCAG 16
denitrifiers nosZ 14
nosZ 1162R CGSACCTTSTTGCCSTYGCG




Table S5: Results of simple linear regression

Dependent Variable Predictor Variable n P-value
Sp Loading Total N 38 0.2969
Sp Removal Total N Sp Loading NH," 38 0.7806
Sp Loading NO3 38 0.1354
Sp Loading Total N 38 0.8408
Sp Removal NH," Sp Loading NH,* 38 0.008387
Sp Loading NO3 38 0.06454
Sp Loading Total N 38 0.6224
Sp Removal NO3” Sp Loading NH,* 38 0.006409
Sp Loading NO3 38 0.009696




Table S6: MG-RAST Relative Taxonomic Abundance

Sequencing Technology
Project Name

Metagenome Name
MG-RAST Metagenome ID

Illumina HiSeq

p_reactor
CSJP002B CSJP002C

4632722.3 4632723.3

Condition

NH4+ Loading (mg -N / hr /g BM)
NO3- Loading (mg -N / hr /g BM)

a-diversity

Domain
Archaea
Bacteria
Eukaryota

Ammonia-oxidizing bacteria
Nitrosomonas

Nitrosococcus

Nitrosospira

Total

Nitrite-oxidizing bacteria
Nitrobacter

Nitrospina

Nitrococcus

Nitrospira

Total

Algae
Chlamydomonas
Parachlorella

Cyanobacteria
Leptolyngbya

3
1.17
0.43

350.4

0.3%
96.7%
2.9%

0.34%
0.26%
0.68%
1.28%

2.48%
0.09%

0.07%
2.64%

0.30%
0.09%

0.00%

5
0.48
1.35

395.7

0.4%
96.7%
2.8%

0.62%
0.34%
1.21%
2.16%

2.32%
0.15%

0.00%
2.48%

0.05%
0.13%

0.00%
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Table S7: Reads Mapped to Reference Genome

Condition  Accession Number Genus Species Total Reads Percent of Reads
[absolute count] [%]
213517384 Chlamydomonas  reinhardtti 18896 11.2%
229915563 Parachlorella kessleri 11016 6.6%
C3 254798615 Parachlorella kessleri 11007 6.5%
Algae 32880373 Chlamydomonas  reinhardtti 9595 5.7%
41179002 Chlamydomonas  reinhardtti 9561 5.7%
5 229915563 Parachlorella kessleri 13419 27.0%
254798615 Parachlorella kessleri 13268 26.6%
. C 984535223 Leptolyngbya Strain O-77 582 31.9%
Cyanobacteria .
C5 984535223 Leptolyngbya Strain O-77 495 32.2%
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Table S8: Relative Gene Abundance (Relative to Condition 5)

Influent Condition

Organism /
Target Primer Pair Statistic 2 3 4 5 8 9
Avg 0.82 0.55 181 1.00 0.71 0.48
AOB
165 CTO SE 0.02 0.01 002 0.01 0.02 0.01
p-value 3.35E-08  2.74E-17  1.11E-16 1.48E-10  8.28E-17
Avg 0.76 0.46 2.05 1.04 0.59 0.20
hoB, amoA  SE 0.06 0.04 016 0.1 0.05 0.02
p-value 3.77E-02 119E-04  8.26E-05 1.72E-03  9.93E-07
_ Avg 2.39 3.23 223 101 2.23 0.21
?étsmbaaer 5P FGPS  SE 0.13 0.25 0.09 0.4 0.08 0.01
p-value 1.81E-08  2.20E-07  1.57E-09 4.84E-10  4.91E-12
_ Avg 1.07 0.97 199 1.00 1.66 0.61
E)'(tr'gba‘:ter - NxB  SE 0.01 0.04 0.03 001 0.04 0.01
p-value 257E-03 497E-01  8.01E-16 2.08E-10  9.16E-14
- Avg 0.82 0.74 203 1.01 1.17 1.75
?éterSp"a 3P NSR SE 0.05 0.04 022 005 0.07 0.09
p-value 123E-02 2.86E-04  4.09E-04 565E-02  1.18E-06
denitrifying Avg 1.77 1.39 225 1.8 1.70 2.04
b(_a\cteria nirkK SE 0.35 0.28 048 0.32 0.33 0.40
nirk p-value 3.10E-01 8.00E-01 1.11E-01 3.70E-01  1.56E-01
denitrifying Avg 0.59 1.24 192 1.00 1.41 0.53
bacteria nirS SE 0.01 0.04 002 0.01 0.03 0.01
nirs p-value 6.38E-13  5.21E-05 3.16E-16 3.25E-10  2.54E-14
denitrifying Avg 1.54 1.21 1.05 1.00 0.46 1.23
bacteria nor SE 0.13 0.10 001 001 0.00 0.03
nor p-value 8.18E-04  4.74E-02  1.68E-02 568E-18  9.75E-07
o Avg 1.16 1.41 157  1.00 1.32 1.21
g:[:]tlgrlugy:ur:)%z nos SE 0.03 0.02 0.02 001 0.02 0.03
p-value 8.63E-05 7.93E-11  1.01E-12 2.41E-10  5.49E-06
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FigureS1: A Composite of micrographs taken with DIC microscopy. A) little round green things
(LRGT), B) filamentous segmented cyanobacteria, tentatively identified as Leptolyngbya sp., C)
Scenedesmus dimorphous, and D) a close relative of Scenedesmus dimorphous.
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Reactor

Figure S7: (Panel A)Schematic of the HDBR system (not to scale). The major components of the HDBR are
the reactor (Reactor), the recycle vessel (RV), an aerator (A), a vessel to hold reactor influent (1), and a waste
container to receive reactor effluent (W). The HDBR architecture enables a dense and distinct biomass zone
(BZ) to form within the reactor. (Panel B) Photograph of the HDBR system in use. The biomass forms a highly
dense zone at the bottom of the reactor while the remaining reactor fluid and effluent contains limited
suspended solids.
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