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-— Limnospira cultivation using Urine

Partially or fully ureolysed/ nitrified Urine from CIII:

I S R

N sources: High salinity Organics
Individual and mix

Limnospira indica (in ClVa)
1. Growth

2. Biochemical content

3. Oxygen Productivity
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L Treated Urine: CIII UMONS

@ / Commonly used
Sk

?? No published reports

Partially or fully ureolysed/ nitrified Urine
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;gﬂ'h. Effect of N sources UMONS
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* No inhibition with Urea and Nitrite upto 120mM-N
v' comparative growth rates as Nitrate
Ammonium: inhibitory at 15 mM and higher
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— Biochemical Content
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Urea a viable alternative to Nitrate
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— Oxygen Yield

Oxygen Yield
(g/g biomass)

NaNO3 CH4N20 NaN02 NH4C|

O, yield varied in accordance with stoichiometric O, content of N-source
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qﬂ'ﬁ.\ Effect of Mix of N sources M_JI\/IONS
»v Proteomic Study

Unsupervised Principle Component Analysis: 1747 proteins identified

@ Nitrate 30 mM-N @ Mix (15 mM-N Nitrate+ 15mM-N urea) @ Urea 30 mM-N

PC2 Score 16.0 %
g

MigRS
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"PC1 Score 35.6 % n=5
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dﬂ'ﬁ-\ Effect of Mix of N sources UMONS

— Proteomic Study
N and Urea cycle Related Fold Change
Protein Function Nitrate | Nitrate | Urea
vs Urea | vs Mix | vs Mix
H1W7Y5_9CYAN Ferredoxin-nitrite reductase: NirA f f =
Nitrate transport ATP-binding
H1W8M1_9CYAN protein: NrtC f f “
H1WSM3 9CYAN ABC Nitrate transport system, f f
- periplasmic component: NrtA =)
H1WBL9_9CYAN Global nitrogen regulator: NtcA =) ) | &
H1W8D8_9CYAN Ornithine carbamoyl-transferase U ) | @ |7
Urea better
H1WM95 9CYAN Cyanophycinase U e | ™| F N-Source
H1WHQ6_9CYAN Biosynthetic arginine decarboxylase U ) | |
n=5
. Higher in Nitrate U™ Higher in Urea @) No change
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Clil: MBB:

AAS analysis

ClVa:
Limnospira
cultivation

30 mM Nitrate

Effect of High Salinity

UMONS

Ca (mg/L) K (mg/L) Mg (mg/L) Na (mg/L)

Human Urine 50-250 975-4875 60-200 920-5060
¢ | Electrochemical 105.12 479.53 4.95 526.4
-§ o | stabilization ' ' ' '

N 2 | Neutral pH 96.34 544.48 21.16 1273.53
_—

'-g % Alkaline Treatment 50.12 586.6 3.72 1037.00
n Natural Hydrolysis 251.77 518.1 15.87 738.10
ULS: Urine Like Salinity
supplemented in Zarrouk 4900 200 5060
Medium Not tested

(HCOs:

TU: Zarrouk supplemented precipita%ion)
with average salinity level 550 15 650
of Treated Urine samples

University
of Antwerp



dgb Effect of High Salinity UMONS

=
Growth Rate
1.5 7
—— Zarrouk
Treated Urine Salinity (TU)
1.0 - —®- Urine Like Salinity (ULS)
E 1.5 times ULS
o -%- 2.0 times ULS
0.5
0.0 | | | ? | | | 1
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Days n=5

Limnospira is resilient to urine-like salinity
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Proteomic Study

4g"$5,\ Effect of High Salinity QMONS
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Total=115
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Translation, amino acid biosynthesis

C metabolism

N metabolism

Photosystem and phycobiliproteins

837
— 753
1058

248 115 proteins “significantly up or down regulated”
» p value <0.05 and
» fold change is either >1.5 or <0.66

Others

|
I
REROD

Zarrouk ULS TU

Out of 1291 identified proteins only 777 proteins had >1 peptide




dﬂ'ﬁ-\ Salinity and N metabolism QMONS

=
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| Urea cycle, cyanophyc I
|
i NR ntcA T :
| NO3' > NO[—} NH4+
nthB NRT '
| l gln I .
I : N metabolism enzymes
| / I N metabolism regulation
N e L LS = s
Protein Name Protein Function Fold change Fold change Fold change
Zvs ULS ULS vs TU ZvsTU
H1WIV5_9CYAN | NifU domain-containing protein f f =D
H1WJQ6_9CYAN | Arginine biosynthesis bifunctional protein ArgJ &= &)
N-acetyl-gamma-glutamyl-phosphate
H1W7Q8_SCYAN reductase: plays role in arginine biosynthesis =) =)
H1WM96_9CYAN | Cyanophycin synthetase “ “
H1WM95 9CYAN | Cyanophycinase =) &

Higher in ULS . Higher in Zarrouk No change




i

Salinity and Photosystem

=
Protein Protein Fold change | Fold change Fold change
Function Zvs ULS ULS vs TU Zvs TU
H1W8H4_9 |Allophycocyanin f PR -
CYAN beta-18 subunit
H1W703_9 |Phycobilisome
CYAN polypeptide . “
o oo | -
CYAN subunit Il (PSI-F)
WIS 0 e anter A -
CYAN Psb28 protein
HIWMME_97 0 orophyl
CYAN phy f =) «)
a (PsaB)
f Higher in ULS Higher in TU €m) No change

g/L

0.25 7

0.20 1

0.15 1

0.10 1

0.05 1

0.00 -

UMONS

TU

B Total Chlorophyll I Total Phycobiliprotein

n=5

No significant effect of high salinity on Photosystem
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Organic Composition: Treated Urine
i 2 ¥ UMONS

-— NMR Analysis of MBBR Urine

Form ate
Hippuric acid
E rythritol
Glycolate
Phosphocreatine EC IN
Methanol
Betaine EC out
Carnitine
Creatinine
Creatine
Succinate
Citrate
Acetone
Acetate
Lactate
Ethanol

Na In
Na Out

0 1 2 3
Concentration (mM)

Effects of organics to be studied
G University
EC: Electrochemical Stabilization  Na: Alkaline Treatment of Antwerp

EC a:
In: MBBR Influent Out: MBBR Effluent




UMONS

’ Conclusions
b
— Treated Urine from CllII
1. N sources: /
Individual and mix Other N mixes to be tested
2. High salinity

High resilience to high salinity

3. Organics

Limnospira ClVa

University
of Antwerp
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Medium/ Condition Remarks Conductivity
(mS/cm)

Zarrouk Modified Cogne Zarrouk ~25

ULS Modified Zarrouk supplemented with Na, Mg, K to match ~60

human urine like salt concentration

uz ULS diluted 10X with Modified Zarrouk ~15-17

2”2( concentrated ULS with 1.5 times salt concentration of human urine ~90-95

2X concentrated ULS with 2 times salt concentration of human urine ~120

ULS




