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High-throughput Quantification of Ammonium Content in Arabidopsis
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[Abstract] This protocol is a simple colorimetric assay for internal ammonium quantification in
aqueous extracts from plant tissues. The method is based on the phenol hypochlorite assay
(Berthelot reaction):
+

-

NH4 + hypochlorite + OH + phenol → indophenol
The oxidation of indophenol caused by phenol oxidation is a blue dye that is quantified at 635
nm in a spectrophotometer. Per ammonium molecule one molecule of indophenol is formed.
The protocol described here is for Arabidopsis thaliana (A. thaliana) leaves and roots, although
it is also valid for other plants species.
Materials and Reagents
1. 4-weak old A. thaliana leaves and roots
2. Ultrapure water (MilliQ) (EMD Millipore)
3. Ice
4. Liquid N2
5. 4 mm diameter glass beads (Glaswarenfabrik Karl Hecht) (VWR International, catalog
number: 201-0278)
6. EVA Capband for capping 8 tubes (Micronic, catalog number: MP227B1)
7. Flat bottom spectrophotometer microplates (Deltalab, catalog number: 900011.1)
8. 1.2 ml 96-well storage plate (Thermo Fisher Scientific, catalog number: AB-0564)
9. Sodium phenolate or sodium phenoxide trihydrate (Sigma-Aldrich, catalog number:
318191)
10. Sodium nitroprusside dihydrate (Sigma-Aldrich, catalog number: s0501)
11. Commercial bleach or Sodium Hypochlorite solution 10% (Panreac Applichem, catalog
number: 211921)
12. Solution A (see Recipes)
13. Solution B (see Recipes)
14. Solution C (see Recipes)
+

15. 10 mM NH4 stock (for standard curve) (see Recipes)
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Equipment
1. TissueLyser (Retsch, model: MM400)
2. TissueLyser Adapter Set 2 x 96 (QIAGEN, catalog number: 69984)
3. Plate centrifuge (Sigma, model: 2-16K)
4. Drying oven
5. Absorbance

microplate

reader

(Biotek

PowerWave

X

340

Microplate

Spectrophometer)
Procedure
A. Standard curve
+

1. Prepare dilutions from the 10 mM NH4 stock in a 0.05 mM - 1 mM range and use
ultrapure water as blank. For example: blank; 0.05 mM; 0.1 mM; 0.2 mM; 0.4 mM; 0.6
mM; 0.8 mM; 1 mM.
B. Material harvest and homogenization
1. In a 96 deepwell (1.2 ml) plate, place 2 glass beads (4 mm diameter) into each well.
2. Weight approximately 20 mg of fresh leaves or roots and place them in a microplate
deepwell half-submerged in liquid nitrogen. Store at -80 °C until use.
3. Grind frozen tissue with a TissueLyser two times for 60 sec at 27 Hz frequency. The
plates are coupled to the TissueLyser with the TissueLyser Adapter Set 2 x 96.
(Ensure sealing of the wells during homogenization).
C. Extraction
1. Add 500 μl ultrapure water per well.
2. Grind again as in step B3 (make sure the water is not frozen before grinding).
3. Incubate samples at 80 °C in a drying oven for 10 min (the incubation can be also done
in a water bath).
4. Centrifuge the plate at 4,000 rpm and 4 °C for 20 min in a plate centrifuge.
5. Recover supernatants (400 μl) in a new 96 deepwell plate and keep the samples on
ice.
D. Ammonium content measurement
1. Place 50 µl of extract (or 50 µl of standards for the calibration curve) per well, in a 96
well spectrophotometer microplate.
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2. Add 100 µl of Solution A, 50 µl of Solution B and finally 100 µl of Solution C to every
sample.
3. Make blank using 50 µl of water instead of the plant extract.
4. Incubate 30 min at room temperature.
5. Read absorbance at 635 nm in a spectrophotometer (Figure 1).
6. Making three technical replicates per sample or standard is recommended.
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Figure 1. Representative ammonium standard curve. When ammonium content is
+

higher than 1 nmol NH4 per microliter of reaction mixture absorbance starts to get
saturated. Linear regression is performed before arriving to saturation.
Data analysis
Subtract the blank absorbance from the absorbance of every sample and calculate the
ammonium concentration with the standards calibration curve. Finally, express the
ammonium content in a fresh weight basis. These calculations might be also done directly
by the microplate reader software assigning to every well a category for example, blank,
standard or sample.
Notes
1. This protocol can be easily adapted to Eppendorf tubes and spectrophotometer
cuvettes instead of 96-well plates just scaling the volumes. Similarly, the
homogenisation of the samples might be done with a mortar and pestle instead of the
TissueLyser.
2. If possible, we advice to do every 96-well plate step using multi-pipettes to save time
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and thus to gain reproducibility among samples.
Recipes
1. Solution A
0.33 M sodium phenolate
Prepare 2 M NaOH dissolving 8 g NaOH in 100 ml of ultrapure water
Mix 2.8 g of sodium phenolate with 4 ml of 2 M NaOH in a final volume of 50 ml with
ultrapure water
Ensure pH of the solution is around 13
2. Solution B
0.02% sodium nitroprusside
Dissolve 20 mg of sodium nitroprusside in 100 ml of water
Prepare just before using
3. Solution C
2% sodium hypochlorite
Dilute 1 ml of commercial bleach in 49 ml of ultrapure water
+

4. 10 mM NH4 stock (for standard curve)
Dissolve 33.025 mg of (NH4)2SO4 in 50 ml of ultrapure water (of course NH4Cl can also
be used as standard)
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