The Nitrate Elimination Co., Inc.

NECI Lake Linden, Michigan

Analytical Grade Enzymes:
Biotechnology Chemists can Use



NECi is an environmental
biotechnology company.

We are dedicated to the application

of biotechnology to the solution of
environmental problems.

NECi’s niche: Reagent Grade Enzymes

for Green Analytical Chemistry.




Analytical Advantages of Enzymes

e Selectivity
“Find” target in complex mixtures
e Sensitivity
Low detection limits in complex mixtures
e Specificity
False negatives and false positives are rare
e Safety
For shipping, storage, handling, and disposal.
Reagent Grade Enzymes are accurate,

reliable, and environmentally benign. /




3-D Model of Nitrate Reductase

Flavin




How the Enzyme-based Nitrate Assay Works
Nitrate reductase (NaR) catalyzes the reduction of
nitrate to nitrite. The B vitamin NADH is cofactor.

NaR and NADH replace the toxic cadmium reagents
used in conventional nitrate analysis methods.

The resulting nitrite reacts with the Griess color
reagents to produce a highly colored product.

Minimal change required from standard methods
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Recombinant Nitrate Reductase

* Increased production capacity
* Guaranteed lot-to-lot reproducibility

 Reasonable production costs

* Engineered for improved stability
— Allows storage at controlled RT
— Stable during analytical runs
— Shipping at ambient



NECi Production of Nitrate Reductase by
Fermentation
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Samples tested for Validation Studies

Sample Type | Filtered | Acid
Yes  Yes
Yes  Yes
Yes  Yes
Yes  Yes
Yes  Yes
Yes  Yes

Environmental Resources Associates #507 Hardness

WasteWatR reference material e e
Michigan Confined Animal Feeding Operation (CAFO) Ves Ves
effluent from tiled field

Low-nutrient seawater (collected offshore Hawaii Yes No
Yes  Yes
USGS PE N-116 (low nutrient-fortified river water Yes No
USGS PE N-115 (high nutrient-fortified river water Yes No

Tap water at each lab

Tap water plus added Chlorine




Table 4: Enzymatic Reduction Efficiency Summary

Acceptance Standard is 90% or greater reduction efficiency.
2nd Source = Nitrate Standard in mg N/L

Nitrite Standard = mg N/L

A-540 nm | mg N/L | Reduction Efficiency

Lab1 |2nd Source 2.50 10.35217 2.51 °
Nitrite Std 2.50 10.34507 2.46 102.1%

Lab 2 |2nd Source 2.50 10.36664 2.48 °
Nitrite Std 2.50 10.36190 2.45 101.3%

Lab 3 |2nd Source 2.50 10.2456 2.548 °
Nitrite Std 2.50 10.2292 2.376 107.2%

Lab 4 |2nd Source 2.50 10.295 2.59 o
Nitrite Std 2.50 10.252 2.22 116.6%

Lab5 |2nd Source 2.50 10.33422 2.3576 94.99,
Nitrite Std 2.50 [0.3514 2.4833 770

Lab 6 |2nd Source 2.50 10.37078 2.557 °
Nitrite Std 2.50 10.35867 2.464 103.8%

Lab 7 |2nd Source 2.50 2.506 °
Nitrite Std 2.50 2.417 103.7%

Lab 8 |2nd Source 2.50 10.358 2.4872 °
Nitrite Std 2.50 10.350 2.4310 102.3%

Lab 9* | 2nd Source 3.04 ]0.2127 3.00 98.6%
[550nm] | Nitrite Std 3.04 ]0.2151 3.04 o

Lab 10 | 2nd Source 2.50 |0.146 2.598 °
Nitrite Std 2.50 [0.140 2.475 105.0%




Table 5 from EPA Validation Report:
Initial Performance and Recovery (IPR) Summary

Mean Minimum

Lab # Analyses | Recovery | RSD (%) | Recovery | Recovery
(%) (%)

D 100.67 0.71 99.67  101.30
— 4 101.82 0.54 101.29  102.40
e a 96.16 2.23 93.50 98.70
n 4 106.38 0.73 105.82  107.52
_ 4 101.79 0.78 100.63  102.37
— 4 102.76 0.92 101.77  103.93
4 100.50 1.13 98.97 101.66
n 4 98.45 0.66 97.77 99.21
_ 4 101.11 0.95 100.17  102.43
“ 4 99.34 2.45 95.85 101.50



Table 7: Method Detection Limit (MDL) Summary
Abbreviations:
DA = Discrete Analyzer; NA = Not Analyzed.

*One replicate discarded due to issue with blank

_Lab | Method | __MDL__| Replicates | _Spike | Spike/MDL

- mg N/L mg N/L Ratio
DA 0.0079 8 0.040 5.068
7 Dpa 0.0148 8 (7)* 0.040 2.701
T pa 0.0130 7 0.050 3.832
I pa 0.0055 7 0.025 4.522
5 LY 0.0226 7 0.050 2.215
3 pa 0.0310 7 0.050 1.615
3 pa 0.0260 7 0.075 2.881
Y pa NA

Y pa 0.0060 7 0.045 7.541
n DA 0.0463 7 0.100 2.160



Nitrate + Nitrite by DA: Enzyme vs Cadmium

_Ssample | NaR | CR__ | RPD
o mgna mg N/L %
 wwir [EEEEE 0.03 0.0000
 ww2 | 7.8 7.6 +2.5974
 ww3  EEPE 0.26 -12.7656
 wwear [ 0.03 +28.5714
 wws  [EEPYAE 272.6 -0.6625
. wwe | 48 4.8 0.0000
0.05 0.06 -18.1818
. wws  [EEYS 14.1 -2.3681
 sweir [N 0.030 -10.5263
6.80 7.02 -3.1838
0.45 0.48 6.4516
. SRM-2 | 2.28 2.36 -3.4188



Enzyme Reagents Under Development

Under development now:
* Total N using NECi’s NaR

e Total P using NECi’s PNP

* Glycerol

* Ammonia

* Galactose

* Ethanol in beverages and fuel

NECi’s new N & P

Photometer
Inexpensive LED-based
device with interface to
Smartphone or Laptop




